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i:' l.1 pPurpose

«
AN

ne Automated Interactive Simulation Model (AIsSIM) Systew pro-
vides tae user witn tae ability to do nigi level siimulation of
comples operational and distriouted data processing systawns. [ae

e purpose of tnis mwanual is to provide tue AISIM user wita a sec of
eXaitples walcn dewonstrace tne use of AILSIM on proplans wuicn are
typical of icts application area. An AISIM metnodoloygy is

. presented and applied to each problen. Each exanple in tuils
documnent is presented in sucn a way as to provide a standard for
docunenting an analysis effort using AISIAM.

fie ampnasis of tnis manual i3 on aow to trdanslate a problem
statement into a simulation model. For tnis reason, tine focus of
tnis wanual is on model desiygn and construccion., Little atcten-

oY tion is paid to tne results of tne simulation exercises. Ihis
s approacn is somewhat different from tne one tne user Wwill take
L wien developing AISIM inodels for analysis of systems oDecause taen
%S tue results will be of significant importance. e
B T—
l.2 Scope
o fnis manual describes tne use of the AISIM applied to specific
b problems. Tne proolems in this documant have been selected odased
N on tnhe anticipated use of AISIM for tne analysis of comrand, con-
trol and communication systems in the conceptual pnase of
developmnent, [fne problems are presented in context to an eanery-
» ing metunodoloyy based on AISIM simulation. Altnouygn tae proodlens
B! are specific to embedded cowputer commmunication systens, tae
?b metnodoloyy nas a wider scope. AISIM can be used to analycse tae
) dynanics of many types of systems. The tevaniyues and stratagies
th discussed in this document would be beneficial to anyone
v interested in discrete event simulation analysis.
% fne reader is expected to be a system's analyst wno uas xperi-
~j ence analyzing conceptual designs of a multi-processing, computer
X based system. Tnis document does not contain inforination neces-
- sary to operate AISIM nor does it address the nardware and
software environments for AISIM. [t is anticipated tnac tuis
i document will be read oy a user after reading the AISIM Training
> Manual.
N
e 1.3 Jorganization
" rnis wanual is orgjanized to be a teacning docunent for ctnhnz AISIA
ﬁ; user, Chapter 1 introduces tnis docunent, detailing tne orjani-
AN zation, tne documnent conventions and applicable documents.
" Cuapter 2 is an discussion of the AISIM inetnodology. Caapter 3
f contains a decailed example of tne use of AISIM to wmodel a com-
municacions network. <napter 4 contains a description of AISIM
< applied to anotner cowmnunication necwork using a loop
:
7
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compunication protocol. Caapter 5 contains an exaeplie of a coa-
munlicacion syste® using a vus.

l.4 Documentacion Conventlions

Tne references in tais docunent to specific words wiich are
tecanical terwms witn nmeanings specific to AISIM tnat differ from
Jenerally accepred definitions will appear wita an initial capi-
tal. [nis applies specifically to ALSIM entitles,

EXAMPLE: Process - occurrences of tnis word refer to tne
AISIM entity.

l.5 applicable pocuments

fae following documents provide supporting information on *ae use
of AL3I[a4:

AISIM Training Manual

AISIM Jser's Manual

AISIM Product specification

rne following docuwnent provides supporting information on tae
examples described in tnis document,

AISIM Evaluation - Preliminary Report
Mitre Workingy Paper 23671
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2. AISIM Metnodology

S&perience in using discrete event silnuldation for conceptual
analysis nas resulted in a grocedure for siwulating systens.

I'nis procedure is called "simulation analysis" and nas been docu-
rented in various forms in simulation literature. Since AlSIA4 i3
a discrete event siwulation tool, all of tue steps iIn tne siwmula-
tion analysis process apply to performing AISIdM analysis. Tais
discussion on AISIM wmetnodoloyy calls out tine steps in tue ALSL[M
sliaulation process and points out now eacn of the steps is
specifically performed. To put this into context, tae background
leading to the developwent of AISIM is described.

SYSTEM DEVELOPMENT STEPS

CONCEPTUAL SPECIFICATION

NEW SYSTEM ‘é SYSTEM =~ > FOR NEW
REQUIREMENTS ANALYSIS SYSTEM

/I
CONCEPTUAL PERFORMANCE
DESIGN AND COSTS
RESULTS
BUILD

MODEL |

MODIFY ! EXERCISE

DESIGN MODEL
ANALYZE ,____.5— |

RESULTS

SIMULATION ANALYSIS STEPS

Figure 1. Simulation Context

2.1 dackground

Simulation is a powerful analysis technigue used to support con-
¢eptual analysis in order to specify reguiramencts for a systen,
fne goal is co engineer a system wnich works, that is, a system
wnich will perforin its wmission.

fae first steps in tne system development process involve defin-
ing tae reyuirewents for a new systew and analy<ing tnose
regquirements, [nhe ultiwate objective is to produce tne systew
specification,
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fae conceptual analysis scarts Wit a conceptual des.gn of a s/5-
tedd, wilch 13 basad on apply:ing a possiole solution to tuae new
Systam requirements., For automated sysCtels Lae CoOnNceprtual deslyn
often starts witn tne allocation of functions in a4 systen Lo Cow-
pQuters. lals 1s done in a functional speciliication walen 1is
often an inforimal document (RIC =~- Raguirements of Jperutlionual
Capaoility).

Many critical guestlions apout the new sSyscal sdrlface udring con-
Ceptual analysis, Regulrements are analycsed for consistency and
completeness. wWnat-if guestions are posed to determine If
requirements are actainaple. [In tals pnase, tae analyst needs a
tool wnicn can provide guantitative answers to questions about
tae conceptual syscem design,

Simulation wodelling is a technigue whicn can provide a tool to
yive tae analyst tuese answers. Siwmulation is opased on tae facet
tnat wnodels can be Dduilt wnicn represent a real system.

Responses o experiments conducted on the wmodel are iandicative of
responses to siwilar conditions in a real system. T[als provides
tae perforimance and cost daca tnat an analyst needs to analycze a
conceptual desiyn.

rae goal is to define tne reyuiremwents for tne system wnlca are
consistent and attainable.

INTERACTIVE SIMULATION BY SYSTEMS ANALYST

%’mun

BUILD ¢ SYSTEM ANALYST' éﬂAl;‘sTo AISIM
TUA NI
MODEL CONCEPTUAL DES
¢ SYSTEM ANALYST -
HOURS-DAYS
PRODUCES
NEW DESIGN e SYSTEM ANALYST SPECIFIES
EXERCISE LOADS TO AISIM
”6'?31;‘5 MODEL | SYSTEM ANAL:(S)L
DAYS WE_S— RUNS SIMULATI
ANALYZE

RESULTS * SYSTEM ANALYST INTERPRETS
HOURS STANDARD PLOTS AND REPORTS

184048 3 71200

Fijgure 2. AL3IM Simulation Process
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AISIM is an interactive system wnicn is used by thne systems
analyst to nelp define system reguirements. It is used Dy tne
Systems analyst to model a conceptual design. 3y using an
interactive system to puild models, exercise wodels, and analyze
results, many Juestions about a syst - ns funccrional specifications
can pbe resolved in a timely and cost effective manner.

AlSIM aas been designed and built to be used by the systems
analyst. Tlae profile of this user is much different tnan tuaat of
a progyramimer., It is assuned that tne sSystems analyst is not a
frequent computer user. He Jdoes not know about computer system
atilities like text edictors or cowmpilers nor does he want to
learn. Tnis implies tunat the ALSIM user interface nas to be a
slaple, powerful one, wnich is easily learned. TI'ne functions of
ALSIM support rapid model building, model running and model
analysis.

Model building, model running and wodel analysis are tne taree
K2y activities in tne simulation process. Model building is tae
inapping of a system into a simulation .rodel. Model running is
tne exercising of tne model under sowe test conditions. dodel
analysis is tne translation of the simulation results into rean-
ingful statements about tne sSystem to support decision maxking.

2.2 Inputs to the AISIM Simulation Process

Ihe input to a siimulation effort comes from the functional
specification of a system (ROC). TInhe functional specification is
the informal statement of the system reguiremencs wnicn is
derived by applying a solution to a mission concept. A mission
concept is what needs to be done. This has specific meaning in
tae context of military operations. A military operation is
defined as tne functions necessary to respond to tanreats and pro-
vide defense, A solution is the allocation and integration of
functions in tne operation so tnat tne mission will be accowm-
plished.

AISIM is directed at providing a tool to analyze systews in wnica
computers are used to perform some of tne functions. Tinis is in
the context of performing a mission.

2.2.1 Mission Concept and Reguirements f(ue mission concept is a
descripcion of tne functionalicy of tae system. Tie mission con-
Cept makes clear who tne users of tie syscem are and wnat tae
3ystaw does for them.

Tae wission requirements are tne perforimance and loading charac-
teristics of tne environment in wnich tne system satisfying tae
mission concept operates.

Page 5
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2.2.2 Problem Perspective  [ue proolem perspective idencifics
tae "expectad" ureas of concern in tne syste and reiers to tae
particular viewpolint an analyst takes in looking at a systce,
fhe perspectlve 13 derived oy tane analyst and ygenerally focusses
on tne critical cthread of processiny for a wrission.

2.2.3 3ystew Descriprtion [ne systew descripclion 15 tne concep-
tual systewm design which is proposed to satisfy tne 2ission
reguirerencs. Tals often includes a system "s<etca" idencifyzing
tae major cowmponants of tie system. Performmance cnaracteristics
of the Major components are also included in tnis descripuion.

2.3 Preliminary Analysis

A preliminary analysis of ctne system is done to deteranine if
discrece event siaulation is applicaonle to tne prodlem and to
justify tne use of AISIM. Tnis is a screening process and Jusu-
ally is done very Juickly. TIne preliminary analysis idencifies
tue solution approach to analyzing tne system. It i3 ilmportant
to docwrent tae decisions made early in tne analysis efforeg,
witicn i3 tne objective of tais step.

2.3.1 Justifying AISIM Simulation ne first step in AISIM 3imu-
latcion analysis 1is to justify the use of a discrete event sianula-
tion for tae analysls of tne proolem, Tals is not too difficult
for an AISIM user because discrete event siimulation is one of tae
mosct powerful analysis tecnnigues available. Using AISIA elin-
inates mucih of the risk associated witn using tais technigue
because it enables users to pbuild wodels uickly for sysctems
wnicn nave cuaaracteristics applicaple to AISIM. To determine if
ALSIM is applicable, one looks at tne system description and

determines if tae system nas any of tne following characteris-
tics:

1. Procedural Jperations - Processlnyg in tae sSystend is
described by a sequence of steps.

2., Parallel Processing - Any number of processing steps can
occur siimultaneously,.

3. Resource 3aaring - Elements of tiae systea are shared. rlaere
is a discipline associated wita snaring wanicn governs cae
use of a resource.

4. Esternal Loading - Activity in tae system can be initiated
by environmental stresses,

5. Interconnectad Network Communication - Actilvities in tne
system compunicate tarouyh defined channels.

Systams witld tnese cnaracteristics are easily modelled wica
AlsInM.
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fne nexc step in justifying the use of AISIM is to determine if
it 1s ctne best cnoice of available tools and tecanigues.

Considerations for this Jdetermination are tae following:

deasons for using AISId

l. Tae AISIM user i3 a systems analysc. AISIM can be learned
very Juaickly. Features of AISIM enable the user to ouild a
model in a friendly environment.

2. AISIM enables tne user to build models guickly.

3. AISIM provides automatic standard model docunentation,

4. AISIM aodels are easily integrated wita otner AI3[4 models.
AISIM allows models to be mergyed togyether or saved in a
library.

5. AISIM nas specific features for networ« inodelling.

Raasons for NOT using AISIM

l. AI3IM reguires tine use of a 4P2647A terminal used in an
interactive node.

2. AISIm models are built from a nign level description of 4
system. In order to wwodel a systewm at a very low level sowne
of tne power of AISIM is neutralized.

3. AISIM models can only be run on computars on which AISIM is
nosted.

Deciding wnetner AISIM is appropriate usudally is done based on
tnese types of considerations. Bencnmarks conducted on AISIM
show tnat users of AISIM can be trained to be efpert users in a
matter of days. Models done using AISIM nave Deen sSi10Wwn to ve
built in substantially leSs time tnan doing the same model in a
simulation progyramming languayge.

2.3.2 Define the Problem and Objectives daving decided tuac
siwulation i3 appropriate to tnhe analysis of a conceptual desiyn
and taat the input data described in section 2.2 is obtainaple,
tne first activity wnich an AISIM user performs is to define tae
probleaw and state the objectives of the wmodelling efforc. [laere
are tiaree steps in tnis whicn produce a statemenc of tae prodblaw
witn a solucion approacnhn. It is important tnat the statement de
Wwritten as a dJocument to provide visibility so taat botn tae
AlSIM analyst and wnodel reviewers know wiat is to be determined
Oy tae ALSIM nodelling <effort,
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: 2.3.2.1 Defining tne Problem An ALSIM model 15 a sinplified
RSN aostraccion of & syscewn. Many elenents and components of tae

n system will pe ignorad in ctne wodel., [n defining tae proolew,

- tae ALS3[i1 analyst states tne "expected" areas of concern found in
S tue proplam perspective, including tuose areas whicn will pe

( addressed in tne model and tnose walcn will noc., For tne owitted
N areas, justification snould be given wny tney are not to oe

} addressed. In defining tne problem, tine AISIM user docunents any

assumptions wnicn are made aboul tne systens wission. [ae

assuprptions, of course, should be consistent witn tue mission

concept. OVften, tne assumptions address "aoles" in tae wission ]
concept,

YY)

, fhe boundaries of a wmodel refer to tne level of decall of tne
L AISIM model to represent tne elaments botn wictnin tae systew and
\ eLternal to tne system. In determining tne poundaries of tae
. inodel, tne ALSIM user makes a preliumninary pass at amapping tne
components of tne sSystem into simulation entities. Specifically,

{ it siaould be deterimined which cowmponents of tine system are to be
e modelled by matnematical functions and which are to be modelled
Y, by AISIM entities. Also, the determination of what elements of

cae system will be modelled as Loads and what elements will oe

modalled Dy more detailed structures like Processes snould be
Jetermined.

9 2.3.2.2 Defining the Simulation Objectives A clear statement of
tne objectives of tae ALSIM model snould be wricten, This state-
ment includes the Juestions about tane systcem waich tae AISIM
model will answer. Tne statement of oojective provides visioil-
o ity for wnat tne simulation will accoirplish.,

. 2.4 Desiygn, Plan and Construct the Model

X vesiyning and planning a wodel are tne activities a wodeller per-

forins to come up with a scnewme for implementing a wmodel of a sys-
tan, A model design is tine “"document" whicn a modeller produces
wilicn idencifies tne mapping of components of a syscem into or
onto components of a wmodelling tool. A wmodel plan is tne time
Segyuence steps performed to implement the model., Constructing
tne model is the activicy tne modeller performs to implement tne
mapping using tne modelling tool.

_"_wf: ]

3

| $AD

ne model design lays out the inodel structure. [ae model struc-

ture suow3 the logical allocation of functions in tne systen in
relation to functions in tne model. TIhis structure snould looxk

similar co tae system structure in the system description wica .
one 2xcepction, T[ae wodel structure includes a representation of

tine systew environmment as a function. That is, tne load generat-

ing part of tae rodel is shown,

a.
LI

S lrle el

ne first step in designing, planning and construccing a wmodel is
to determine tae wodel structure and use that as tae initial
model desiyn,

e

)
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vesigning, planning and constructing a wodel are activities whicn
are done 1iteratively. TInis i3 not noticeaoly differenc ctnan tae
plan, design and build steps in developing a systeam. WNaen
developing a system, tuouyn, it is very important to iave a
stable systen design pbefore starting to build cowponents of tae
systemm., Ihis 13 because tne resodices reguired to build cow-
ponents are usually costly so thnat it is desirable to use tnen

. efficiently. Using AISIM, a wmodel can be conscructed very
Juickly with very little expense. TInerefore, it is possiole to

L. start tne mwodel building process before completing a model desiygn

. witn tne knowledye tnat if part of tne model is incorrect, it can
easily be wodified at some ciime in tne future. Tne goal is to
"yet sometning running" wnich models sowme part of tiae systen,
Pnis provides early results so tnat feedback on tne modelling

e approach can oe obtained as soon as possible., In conjunction

- with pbuilding an initial wmodel prototype, a plan is developed for

implementing tne complete model of tne system based on tane wmodel
\ Struccure,
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“f WNitn tne model structure a wodel design includes taples and

. cndrts wnicih snow now the components of a system map to simula-

- tion entities and aow the simulation entities are related. [Iie
model plan descripes now models of components of tiie cowplete

o system can be integrated into a complete system inodel. T[lae model

-3 plan is produced as tne model structure is determined. Tae plan

,2% is updatad waen nacessary as a result of suosequent model desiyn

" and construct activities,

. The desiyning and building of AILSIM models is an iterative pro-

"ﬁ cess, Firsc a component of the system is selected. A model is

< built of that component. This is called a submodel. T[he subwo-

s del is puilt and verified. Then anotner cowmponent of tne systen

:3 is selected. Eacn submodel is built and integrated. Tiils con-

tinues until the complete model of tne system is built wiicn
satisfies tne proplem definition, At each iteration it may be
1 necessary to modify tne submodels previously built to effect tne
N integration,

It is expected at tnis step that an AISIM usar will make use of
~ submodels wnich nave already been built and stored in the AISIA
library. Since many systems have similar components, it is often

L : ;

) possible to extract a submodel from anotner model and wita only
Y slignt modifications, include it in a new model.
'-

P
o 2.5 Exercise tne sodel

oy »

. Exercising tne model is tne activity a modeller performs to

%21 stress tne model system in order to obtain performance resalts.
W Tne model is exercised to first verify tanat it cycles correctly,
O and second to answer Juestions directed at tiae sSystem concepcual
ot . »

o desiyn.

. Using AL3IM, a aodeller descrides tae environmenc in whica tae
o
X

M
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rodel system 13 to operate in teres of a sCenarido. . 3cenario
definition snould pe carefully cnosen. Woen verifying a .ouel,
tae Scendrio uas to be easily underscood. Filat Means, 1t .nust
Jenerace a load on tne systewm whicn Can be traced, if necessary,
to deuy logyic errors waich aave been included in tae wmodel by
mistake. wWiaen supporting decisions about tne systen desiyn, tae
Scenariv must represent tne actual environment in wnicn tae sys-
teml i3 eXpected to operate.

Verifying tne model is tne activity a modeller perforas to insure
tnat tne wodel wnicn is bullt executes correctly., [u:is
corresponds to depugding a program and mdst be done to 2acn sub-
model as it is opuilt, Normally, wnen one debuys a progyram, it is
sufificient to test tne single tnread execdtion of tne progranm
througa all of its tareads of processing. Verifying a wodel or a
Suomodel is sowmewnat wore difficult tnan debugging a program
Dz2cause one nas to test tne time varying executlion of tae model
in a multi-processing sense. TInis is done first oy running a
Simulaction on the model using simple Scenarios waicn stress tae
model in predictable ways. Tne model is verified oy cowmparing
results of thne simulation witn expected results. Anen rasalcs of
tae sinulation do not matcn expected results, taen toere is
either a proolem witn tae model or tne expected result is
incorrect. A model is verified wnen a resolution petween

expected results and computed results for all verifying Scenarios
is completed.

Nuen verifying a simulation, it is advisable to eliminate all
randoimness from a model. This way it is possible to compute
accurate 2Lpected results and define a Scenario wnicn stresses
tne wodel in sucn a way to produce the results. Tfnere are two

types of 3cenarios generally used to verify AISIM nmodels - single
tiiread and inultiple taread.

2.5.1 Single Thread Scenarios A single tnread Scenario is one
willcil exercises tae seguential logic of tine wodel witnout ena-
bling resource contention or multi-processing loyic. A single
tnread S5cenario defines one path througn tne model loygic.
Results from running a siwmulation using a single tnread Scenario

snould verify tnat all delay times and aritametic computations
dre corrsce,

2.2.2 Multiple Tnread Scenarios A wultiple taread Scenario is
one wnica exarcises cthe resource contention and multi-processing
logic of a model. A multiple taread Scenario defines many patas
tnrougn tue logic witn simultaneous Process axecuctions., A mul-
tiglb turead 3cenario should be set up to str2ss tne .model systan
in a very regular way so tnat edpected resulrs can be determined.

pPage 10
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- 2.5.3 Analysis Scenarios Once the sinulaclon has been verified
h S0 tnat a reasonable level of confidence exists that it is

S representative of tne problem, analysis Scenarios are defined to
o determnine tne performance of tne system under representative sys-

tam loading conditions. The data for defining tne systen loading
conditions is generally derived frow the reguirewents of opaera-
tional capability or frowm observation of existing systems per-

N forming similar wmissions., Assocliated wictn eacn analysis

HRR Scenario, tne analyst should classify tne Loads so taat perfor-

[N \ e
"% "
-‘~".-b

"
s

=2 mance of tne system produced by tne simulation can pe tracked €O |
‘ * tne Scenario. !
.if 2.5 Analyze Resulcs
o AISIM produces two standard outputs, interactive plots of tae
2o instantaneous simulation data and statistical summaries of all
- wodel entities. An AISIM uJser uses botn of tnese to analyze cthe
321 dynamics of tne mrodelled system. Interactive plots of tine simu-
3:% lation data are useq to de;er@iqe if tne'simulation reached a
o steady state, ;nat 13, no lnﬁlnlte Jueuelng or otner system
)Q# boctleneck. If tne systemwm did not reach a steady state, taen
‘ mucnh of tne data in the statistical sumimary can not be taken at
Fe- face value; e.gy., statistics on average performance are not
}5f valid. For eacn simulation run, a modeller snould review all
zﬁ results and resolve any guestion about the system dynamics wiich
Y is raised in nis mina.
R
Analyzing simulation results is a cnallenging task. [o do tnis
¢ well ic is necessary to understand the Scenario stressing thne
, model and now it relates to guastions about tile system design.
A% dased on tne Scenario, the analyst waps tne results of tae simu-

lation experiment into concrete statements about tne syscem per-
formance in actual operation.

oy
s

B

e
U
.

2.6.1 Identify Measured Performance Statistics AISIM outpucs

b are standardizad. [nis has tne advantage tnat tne ALISIM user

ﬂg needn't concern nimself with formatting reports or worry about

¢ tne validity of computations. On the other nand, standardized
- reports may not provide the user witn results in a form directly
2 related to tne wording of performance guestions about the systan.
b Because of tnis, it is necessary to identify tae statistics in
yOu tue ALSIM statistical summary wnicn are imost ralevant to tane

:fﬁ stated guestion,

1% e .

2.6.2 validata tue Model Validation refers to determining
wiether a nodel accurately represents a syscem, dMost ALSIM
models are validated throuyn a review process, where the desiyn
and structure of ctne model are presented witn results to people

7

- g

v knowladgeable in tne system modelled. Ine assunptions of tae
PLa, model snould be described in detail. Tne model can be considered
- to be validated "Ly face" if no major objections or issues are
¥ raised in tnese reviews,

A




A sltdlaclon can de validated in part by analytic apeuns.

Re30urce dcllizacion is tne simplest calculation wnica can oe
done 0y aand dand compdred to silimulation genzarated resudlts.
Resource utilization is a function of tne "arrival race" and tae
Resource "service time" calculated using gqueueing tacory. [nea
"arrival rate" corresponds closely to tihe wean time for 2ro:ess
triggering in an ALSIM Load. T[ae "service tiwme" corresponds to
Action dJdelay times during waicn AISIM Resources are a.located,
Resource utlliczation is reporced under Koesource 4 3J5/ staltlstics
in tne AIS[M Resource Report.

Compdaring analytic results to simulation generated results pro-

vides an initial level of confidaence of tne validicy of tae wodel
if results maten closely. plots of siwulacion generatea data can
Sdpport tie slmualacion results reported in tine AISIM Reporc. For

tnis manual, tne example proolems will oe validated oy comparing
resulcs to analytic ones.
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AN Example 1 15 representative of a communicacion syscem consiscing
o of many nodes wnicu comntunicate tnrough a subnet of swicca pro-
(s Cessors. It is typical of tne type of syster addressed during

) tne conceptual pnase of command, control and comptunicacion systen

acyuisition. The example demonstrates tne use of AL3IM to
e : analyze a wessage-driven comnunication systanr consisting of wmany
nodes wita complicated routing strategies.

")
. 3.1 Input

3;: 3.1.1 Mission Concept

{3 Aany airpases are connected to neadgyuarters tarouga a comnunica-

-t tion retwork. Tile inission of tne system is to provide cowmnrunica-
tion petween the pases and neadyudarters. [lae "users" of tais

e System can oe identified as tne users wisning to comnunicate.

Ry Comnunication is implemented by electronic means using wessage

S switcning processors connected in a subnet.

R

» \!

AN The message switchiing processors direct tae data flow througn tne

B suonet and control tine transmission of messajes between nodes and

e across communication cnannels,

"i (1

o . . . . . .

tt& Airpases are tnhe origin and destination of messages. Messades

;:Q Jeneratad at airbases reguest functions to pbe perforied at nead-

2 Juarters., deadqudrters respond to reguests oy perforiming tae

requested function. In some cases data is returned to tne air-

N pases Jenerating reguests.

P v o

-- " . 3 . 13 .

) A comnand neadyquarters is the destination for all messages and is

el .

o tue source of display output messages.

. ﬁ* 3.1.2 pProblem Perspective

N2

D A study of tne following design elements is basic to the system

- to be modelled.

l. Network fopoloyy - Tnere are many different configurations

of tne nardware elements of tnis system. Depending on tae
. paysical distances and eguipment used, taere may e few or
many subnet switca processors.

~
1.

.~
.
.
f -
L~

"“l'

» 2. Cnannel Communications - Channel comaunications are
described in terms of capacity (cnaracters/sec) and protocol
‘nalf or full duplex).

s &N
B

s %o ol
O

OO ) . . .

.$ﬁ 3. Nodal Processing - Assocviated witn the airbases and head-
£, Juarters are processors wiaich perforam message Jgeneration and
- processing. Associated witn subnet switch nodes are proces-
T sors wuicn perfora nmessaye routing.

RS

e

\i\
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4. Message Iypes and Attrioutes - dessages are descrioed Oy
type (datd Jdisplay reguest, nardcopy display reguest, adrua-
COopy data) eaca of wnica has tne distinguisalng actribute of
lenjytn In cnaraccers.

AR

0

Tae expected area of concern in cnis system focusses on tae

N resource snaring of suonet processors and comnunicaclon channels,

s I'ne performance mmeasures to be obtained fron tue model are tae

'+ following:

l. Compunications Jueue [ilwe - For each channel in tile comfuni- -

ol catlon networ<, tne tiie messajes walc at sudnet processing

o nodes to ygaln access to a comimunication cnannel.

j 2. Communications Cnannel Jueue Lengtn - For eacn cndannel, tne

- nunber of messajyes waiting at subnet processing nodes for
access TO a communication channel,

; 3. Processor Juede Time - For each subnet node processor, tae

; tine nessages wait to be routed or processed.

S 4. Processor Queue Lengtn - For eacn sSubnet node processor, tae
nurder of messagyes waiting to be routed or processed.

j 5. Commnunication Canannel Utilization - [fae average use of a

. compunications cnannel for a unit time.

-~ 0. Processor Utilization - The averaye use of a processor for a
unit tine,

3 Tne critical taread is the segquence of events for transmitting

" pProcess reguests from source to destination nodes.

1

" 3.1.3 3System Description [ne following descripcion represencs a

compunication system., fhe Systemwm i3 described by a proposed net-

S work desiyn and a definition of tane sysctem traffic load.

]

4

j

4 3.1.3.1 Proposed Network Design The network is described py its

- topology, cnannel capacities, and routing tabies. [ine sugjestaed
network topologies incorporate 3, 5, and 7 subnet nodes. Figure
3 illustrates tnese subnet topologjyies and shows tae sources and

/ destinations of wessage traffic. T[Ine three types of messages to

] be processed by tnis necwork are data messages, display reguest
messages, and display output messages. The B8S represenc bases

wilere ifessddes may originate and terwinate and wWwnere anardcopy :

display wmessages wnay terminate, The dJ)s represenc neadguarcers

; wilicn also originate and terminate messaye traffic anu in addi-

tion udve a grapnic display capabilicy.

ne Cdy cepresents the comrand headquarters and is a destination
for all messagyes, but it is only tne source of display outpuc
- messages. It is tae only source of display output messages. [aat

Page 14
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is, it 1s never tne source of data messages and it is always tae
source of display output imessages. [loe CdY contains a display
processing capaoviiity wnicn accepts a Jdisplay reguest nessage,
Jenerates a display output wmessade (ndardeopy or jrapaic forinac)
and sends 1t to tne originator of tae display reguesc.

Tiae Ss r2present subnet nodes and perfora only wnessaye switoning
functions. Ss are never tae sources or Jdestinacions of any wes-
sagye traffic. [lae determination of tne nunber and location of
tnese subnet nodes is a major reason for tne Jdevelopmenc of tnis
wodel,

3.1.3.1.1 Messayge Flow dMessages are transmitted in maglaowe size
plocks of 4UUU cnaracters and flow from an originating 8 or 4 to
its associated S, tnrouydn tine 5 network to tiae destination 3, and
finally to tue destination B8, d), or Cd). Originatingy messayges
can pe eitner data messages or display reguest messages. Tne
data message flow is as just described. A display ra2guest mres-
sage can origyinate at any B or ac eitner d) and tereinate at the
CH) waere tng redqudest i3 processed. A display output message i3
Jenerated at tne Cdy) and tne wressage iIs transmitted tarougn tne 3
Network DacKk to tne originating B or dy.

3.1.3.1.2 Routing Routing tnrough tie network will be in accor-
dance witn tie taoles spnown in Table 2 for tne three proposed
network topoloygies, Tne coordinates in each table are tae
current node and tie destination node., Tne intersection of taese
ordinates contains the number of tie next node to wiicn tae mes-
saJe i3 to pe transinitted.

page 15

TP Y A R h

T ——




AN S S St Mt A S Ao i e A TSNS

LN
G
wn

.. *
A0 ..?.’l’ I

[

3
P

e 4

v

Case 1

s o,
fwba“’)@

ATa"s " a 2 &)

LAAY

Case 2

ol
LA

PAN ay Y

7
[ SR

”’L¢f

w H<E&} ) Case 3
J.}Bt%’ /;ia 3

e P 0

M /)
) 8
N, 9
i3
Fijure 3. G&xample 1 Sugygested Topology
“r
y_di

Page 16

e s el | R SN N . e . Ty e e
'-T':"..\.‘ﬁ,'!-'.",' g N .'-“‘ 4 'h' , Y SR "-.*'."‘n h" N n‘-.-. q.',<. ,,‘\ R

[Pl
H [l S ¥ )




+ By

.l.zl-,ﬁ

o a .8
4.

P | A,
- | ZUSRR

-:.. n".rg. o)
FAR I

LNy -

O S G R S S A N S N e N N N T T TN e T T
> 'q'%f\‘\ ‘.n'\t‘ A ERERTAY L A

3.1.3.1.3 <Chnannel Capacicies Ine effect of differenc cnannel

capacities i3 to ve exanined in decail for tne case 1 network
topology. Flgure 5 gives tne different cnannel trarsmission
races for eacn analysis run. [t 135 asswned tnat all channels are
fuli duplex wnichn reans that they cdn transmit information in
both directions siimulcaneously at the specified Dit rates.

3.1.3.1.4 Nodal Processing Eacn node in tne N2twork nas a pro-
cessor associated witnh it to perform its message switcning func-
tions. Tihe nectwork model snould incorporate delays for process-
ing (potn Jueueinyg time and processor time) at tne 3, d2, and Cd)
nodes. Figure 3 contains cnaracter processing rates for tae
various nodal processors. Storage for each processor can int-
tially oe assumed to be 1,090,000 Dytes but snould be a variable
wilicn can pe adjusted as necessary.
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ﬁ; Channel Capacities
U
{ Data S-S S - HQ S - CHQ S -8
o Case Run Compr. Channels Channels Channels Channels
:_"\ ) (kb/s) (kb/s) (kb/s) (kb/s)
: oA No 19.2° 40.8 230.4 4.8
a . B Yes 19.2° 40.8 230.4 4.8
S 1 c Yes 9.6° 9.6 230.4 9.6
<4
< D Yes 9.6 9.6 230.4 9.6
bR
o E Yes 9.6 9.6 230.4 4.8
] Yes 9.6 9.6 230.4 5.6
2 3 Yes 9.6 9.6 230.4 9.6
N ?pata Compression factor is 50 percent.
o ®All S - S Channels except & - 7, which is 40.8 kb/s.
~
~; €All S - S Channels except 4 - 7, which is 19.2 kb/s.
'.': :
N
‘1
P Figure 5. Example 1 Channel Capacities
-
-
= Processor Variables
fﬁ Processor Processing Rate
o4
N S Processor 80 us/char
HQ Processor 80 us/char
.ﬁ: CHQ Displsy Processor 100 us/char (hardcopy)
.i: CHQ Display Processor 280 us/char (graphic)
=
.. .
. Figure 6. <gcxample 1 pProcessor variaoles
: 3.1.3.2 lessage fraffic Message input traffic for tue network
: model consists of data messayges and display reyguest iressages,
2 Pne characteristics of these messages, i.e., lengta, input or
N output rate, and nuaber of destinations are ygiven in tne dessade
',\
S
)
[
ﬁ




fraffic Caaraccteristics lable, Fijure 7. dessages are to Oe sScd-
tistically generated by tne model witil exponential incer-arrival

tlnas (i.e., a Poisson arrival patctern). [ne message Lopdt rate

300wWwn 1s a total figure from all sources and is discriouted run-

dowmly by sSource as snown in Figure 7. Messaye destinations are
selected according to tne traffic matrices presented in Figure 3.

Data Messdyes eacn nave chree destinaclons wnica differ according 4
€O sodrce node as snown in the datua iessage traiilc mMaCtrid. An
"A" in tne wmatri« indicates a destination for that message
source. rIne two 1/25 indicate tnat the mnessages are co be spiic
egually Oetween tnese two destinations. That is, for all datu
Messages orliglnating from a B connected to s7, one copy will
always 4o to anotner 3 connected to S7, one Copy willi always 4o
to Cudld-1u, and tne tnird copy will alternately pe delivered to
Ag-3 or dJ-9.

Display reguest messages may originate frowm an dQ or a 3 con-
nected to any S and that tuey are always addressed to tae Cdy
(see Figure 3). Messages originating at the Cdy are only display
OuCput essayes Jgenerated in response to a display reguest and
are addressed only to tne 8 or H) that originated tne reyuest.

Display odtput wmessages vary in lengtn depending upon tae type of
display reyquest--nardcopy or Jrapnic. mMessages destined for
nardcopy printer output dre 63U0 cnaracters in lengtin wnile taose
peing displayed on a grapuic device are 10,000 cnaracters in
lengta. TIhe time reguired for thne processing of tne raguesc and
tue Jeneration of the display wust be simulaced at tne Cd. Fig-
dre 8 contains the processing rate variables for botn of tnese
functions,

fne model roudtes messades over tue pre-defined patns, creates
Messdge delays caused by line and node gueues, and provides a
statistical output of the specified network parameters. Seccion
2.2 iLllustrates tne gueueinyg and process functions wnicn cae
model wust produce. A message originates at a 38, H), or CdQ node
Aere dan output Juede 1is establisned and the output gueue time
(fo4g) is noted for tne output cnannel. he transinission tine
(rfe) is accounted for to tne S node, and a processor Jgueue time
(Ipg) and processor service time (Tp) are recorded. Tae messaga
is cnen put on one or wmore output yueues where the outpdt Jueue
time (roy) and tae transmission time (ft) to tne next node (3, S,
dl, or CdQ) is calculated. No statistics are recorded for tae
final destination node with tne exception of display reguest ies-
3a4es wnicn jo to tue Cid) and waich cause the gencration of a q
display output messaje. rhe time to Jgenerate tais message Nust
be accouncad for 1n tue Cd) processor. Tae display output imes-
3dge 13 tuen treated as a new wessage wnicih Is placed on tae out- ‘
PUt Juede at tine CH) destined for 57 and tnis message is pro-
cessed tarougn tile Network in tne same manner as any .0essage.
dowever, tae total wressage transit time for a display message
Wwill be tne cime from origyin of tne display reguest to delivery
of tne display output to tne originator of tae reguest.
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Message Traffic Characteristics

o Mean
= _ Message Message
Message Length Rate Number of e
. Type (8-bit Chars.) (Msg./Sec) Destinations
S c
5 Input Data Message 750 .517 3
- Messages Display Request 200 .583¢ 1
13 Display Output 6,300 5104 1
15 System Hardcopy
> Generated
o~ Outputs? Display Output 10,000 o8 1
Graphic

4Generated {n response to Display Requests.

") bExponential distribution. Length is without data compression.
Maximum length per message partial is 4000 characters.

€Poisson arrival pattern. Sources randomly distributed according
to table I-6.

_‘I _'I‘_'l _-l .l. I

.
-
3

dMessage destination generated according to sources specified in

. table I-6.

«& ®Destinations specified in traffic matrix tables.

<

&

o Message Traffic Sources

2
’3 Distribution of Message
14 Message Type Sources by Nodes (percent)
- Sl-7 Q-8 Q-9 CHQ-10
if Data Messages 9% 3 3 -
i: Display Request
= Hardcopy Output 82 2.5 2.5

. \ Graphic Output 6.5 6.5

N

b} -~

2

o\ Figuare 7. Messaye fraffic Characteristics
-

%

<

2
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Data Message Traffic Matrix
Destination
Source Sb 12] cHQ
1 2 3| 4 51 6 7 81 9 10
1 X X X
. 2 X X X
e 3 X X X 1
RO
8 {~ s 4 X x| x
S X X X L
b N
L)
o 6 X X| x
DAL
s 7 x| N| & X
R 8 X X X
- HQ
9 X X X
=N a
. Subnet node to which Data Message originating node (B)
AN : {8 connected.
‘-.;“. b
. Subnet node to which Data Message destination node (B)
. is connected.
ChN
o Display Message Traffic Matrix
e
ey
&
\“,\.. Destination
Source Sb HQ CHQ
,‘.J
f) 1|2])3 jatste]7]8 |9 {10
]
) 1 X
B ..:J
‘ 2 X
. X
R 3
y
tz.'w st 4 X
"_\j 5 X
S
L4
L% 6 X
<X 7 X
Sy
4 8 X
.'.'\)’ HQ
~
'-“- 9 X
LN
S ciQ” o (x|{x|x {x |x [{x]x|x|[X o
:\_‘:' 2Subnet node to which Display Request message originating 4
}.'-_‘ node (B) (s coanscted.
ot
'
7:-.': bSutmct node to which Display Output message destination
e node (B) {s connected.
[ “Source of Display Response messages only.
\'.t
. . . .
C Figure 3. Message [raffic datrices
2%
>
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N\
. 3.2 Preliminary Analysis
N 3.2.1 Justifying AISIMA Simulation AISIA is applicaole to tuls
o problem. The cCnaracteristics of the syscan wap well into ALSIA.
\
3{ l. Procedural QOperations - Messages originating at a source and
DT routing tnrougn tne network follow a seguence. T[lae seguence
N is described by tne following steps:
"
N Step 1 Message credted at a source.
3 Step 2 Message routed througn network tnroug subnet
' switcn processors over communications chan-
‘ nels,
Step 3 Messaye received and processed at destina-
tion,
O
N Step 4 Response returned when appropriate.
$€ 'nis seguential operation is followed for all messages.
2. Parallel Processing - Any of the subnet nodes can be simula-
- taneously nandling messages.
.',.\

3. Resource sSnaring - Subnet nodes and commnunication cnannels
A are snared. A node may have mnany messages to process at any
' instant. Many messayes may De ready to be transmittad over
a comnunication channel,

~
Q 4. External Loadiny - fne loading on the network is descrined
a as message traffic characterized by a message rate in termns
w of messagyes per second. Inis is shown in the Messaye
Traffic Cnaracteristics Table, Figure 7. Messages are dis-

N tributed by percentages over nodes. Each message is
o representative of a data processing reguest suomitted by a
B\ user to the air base computer processor. The external load-
AN ing on tne communication is subtracted froim tne eKpected use
> of tne airbase computer.
Ny 5. Interconnected Nectwork - Different network configyurations
‘i are posed as tne Key area of interest in this system,

U
A
e . 3.2.2 Problem Definition
% ‘tThe problem definition for é&xample 1 can be stated as "represenc-
$: . ing tne important elements of tne described system by modelling
% entities". Trhe selection of tne elements of tine system to be
;g represented is made. Tnis 13 described in tune following state-

ments.,

%

o o
G, % 4
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1. Aall processors iIn tae system will De representeu. Proces-

o 50rs will nave cnaracteristic attrioutes for cowputing pro-

L Sessing deiays pased on tne cycle speed of tae processor and
. tae nwaber of Chdracters processed. Processor use 13

jJoverned by FIRST IN - FIRST OUrl gueueiny logic.

¥
s

’
l{l

b 1 Y
[ 9]
.

;- All coarunication links in thne systen will be repraesenced.
,:j Links will aave the cnaracteristics of comounication caan-
}2 nels for cowputing utilization of channels onasea on baud
e race expressed in cnaracters per second. Links will be

" Jovernad oy FIRST I[N - FIRS[ 0Ul queueinyg loyic.

i: 3. e connectivity of the network will be represenced by a
ﬂ: matrix eguivalenct to tne routing tapbles in tne system

-~ description.

4. Message routing will Dbe modeled for forwarding messayges in
tne system from a source node to a destination node. [ae
message forwarding will take into account tae processing and

y Jueueing of messages tnrougn the network. sessages w#ill be
. represented. Each mmessage will nave a separate instance for
- gdcn occurrence,
- 5. Data compression will pbe represented by wodifying tne attri-
- butes of tne instances of messayes. TIhis will be wmodeled oy
154 tne AILSIM Processes.
o
i 6. wDifferent simulation runs will exercise tne nodel according
N to tiae different cases of network topoloyy and loading. A
N simulation will consist of an arcnitecture for tne system, a
A0 related legal patn taole for the architecture and a mmessage
i loading modeled by tie introduction of wessages into tne
N System at nodes over time,
¢ fne ALSIM model of tue communication network will address all tae
:25 elaments of cne system descrioed in the systam descripcion, witn
5 two noticeable exceptions., Since no airbase has different atctri-
;ﬁg butes than any otner and the loads are specified according to S
S nodes, it is not necessary to model the airbase processors as 35
nodes. Rather tn2 loads can be generated from one airbase node
5; per 3 node, representing many airbases. [nere are two ways to Jdo
o tais.
oy
A Jne way i3 to specify that a number of resource units (seven for
;: case 1) 13 to ove assoclated witn eacn alrbase load noue. Also
2acn link between an airbase and a subnet switcn S node can oe
e, considered to be seven channels. Using this scneme, tne load for
ﬁﬂ 2aCil airddse can be ygenerated Dy increasing tae message Jenera-
0 tion at a base by a factor of seven. This would not effect tae
‘3} loading on tne subnet switcn nodes and headguarters.
- A seCond way to do tais 1is to increase tne processing capacitias
NN of tae alrvase processor and tne associdted caannels, walcn
AT
o
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~ prevents guedeing at tne alr base processor frown effecting tae
y load on tne subnec switch nodes.

; For tne purposes of this model, tuae second alternative i3 suffi-
{ cient., It is selected because it simplifies the model witaout

2 invalidating it,.
.-
e Ine second exception to tne systew definition involves tne model-
- ling of processor storage. Storage will not pe considered
_v ) because tne reguirewents for storage are not adeyuately addressed
-~ in the system description, Storage could pe viewed as tae buffer
ﬁ Storage reguirements at eacn node for nandling wmany wwessages. It
x could also include tne processor storaje for tane programs wialca
;5 must perform tne message processing as well as a storage manage-
Y Ment scuneme. Since not enough data is availaole, it Is best not
to waste eneryy Py including this in tae mwodel. Also, tnz2

- requiremencs for puffer storage can be calculated from tas Jueue-
~ ing statistics of tne processors and channels.
;I 3.2.3 Definition of Objective
& Tune opjective of modelling tne communications networ< is to pro-
¢ duce yuantifiable results for the system desiyn for all perfor-
:? mance neasures stated in tne system description. TIne differenc

g Scenarios and designs will be analyzed. Results will be taobu-
;l lated and cowpared.
_ Of tne various configurations described in section 3.1.3.1 only
& the seven subnet node network topology will be specifically
A addressed. Ine model will be built to enable rapid reconfigyura-
v tion of the model to represent all three configjuracions. This

; will be done by imaxking the logical Processes representing message
' routing independent of a specific architecture. The objective of

tnis approacn is to produce a yeneral submodel for wmodelling mes-

Q‘ sagje comnunication in any AISIM arcnitecture.

3.3 Model 4uild

T NN
PR S PNy

3.3.1 Desiyn, Plan and Construction of the Model

B 3.3.1.1 Mmodel Desigyn Trhe initial wmodel desiyn consists of a
N structure diajran snowing tne operation and interfaces of tae
wodel. [ne seguence of events which initiate activity in tne
' model are described in tnis structure.

-
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------------- Asslyn current nodes
| LUADS | to Process

NERATING |
ROCESG |

|G
i

o o

| MESsAGE |
| ROULING |

Figure v. Example 1 Model Structure

3.3.1.2 dodel Iamplementation Plan Tihe seguence for constructing
tne model of tne communication network is described in tne fol-
lowing steps.

l. Design and Construct model for message roucing.

2. 3Select and construct wnmodel of subset nodal processing.
3. DpDefine suyoset loading 3cenario,

4, Verify message routing on subset of network.

5. Bulld complete network architecture.

0. Include all nodal processing functlons.

7. Define full loading.

3. Define full Scenario.
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9. Verify complate network model.
lU. Analyze results.

3.3.1.3 Model Construction

3.3.1.3.1 Message Routing Creating and routing imessages taouygn
an arcaitecture i3 tne wajor technical feature of tne system to
model and so attention is firsc directed at the logyic for tae
Processes waich wmodel tnis. The initial regquirements for tnese
Processes are derived from the forimulation of tiue proolamn (3ec-
tion 3.2). TIne reguirements are described below.

l. Messayes are created with different attributes corresponding
to origin, destinacion, lengtn, requested provessing and
response option,

2. A Process eXists in every node wihilcn can route a message
received at a node to its destination. This Process can
detect from tne attributes of a messaje received at tae node
wietner it is at its destination of not. [f tuoe messaye is
at its destcination, thne processingy reguested by tne message
is initiated, If it is not, a cnannel transfer is initiated
waicn forwards thne message to its destinacion,

3. Cnannel transfers interrupt a node when a wessage nas odeen
transferred,

4. When a mmessaygye reaches its destination and it is received
and processed, a response is initiated if one is reyguested.
A response messade returns frow tne destination node to tae
origin of the message.

In order to meet taese reyquirements for Processes, it is neces-
sary to come up wita a data and Process sctructure for tae loygic,
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- PROCESS
- ROUTER

' fren
. ITEM: MSG — COMMUNICATIONS MESSAGE S&EN ROUTER
X ATTRIBUTES VALUE
- : PROCESS
:‘: CNODE — CURRENT NODE IN NETWORK MESSAGE
e FNODE — SOURCE NODE IN NETWORK
e TNODE ~ DESTINATION NODE IN NETWORK

: LENGTH — LENGTH IN BYTES NO CURRENT NODE =

RESPONSE — WAIT OR NOWAIT '—<MESSAGE T NODE = N :
o RTASK — REQUESTED PROCESS
P, ¢ YES
'~ DETERMINE RESPOND TO
N NEXT THE
. NODE MESSAGE
N 3
TRANSMIT

- THE
= MESSAGE

N TO NEXT >

.“ A
C=)
&Y

N

N Figyure 10. Messagye Routing Structures

Ny

'l

Tae [tew, MS8G, drives tne logic of tae routing Processes. "d43G"
is routed tnrougn an Architecture by Processes, Tn2 Iten wqust
contain a nunber of attributes wnose values provide tae daca
wiuicn orients tne I[tem in the Architecture at all instances of
simulated time. cmbedded in the attributes are tie values for
the source node of tne Item, the destination node of tae I[tem,
tne current node of the [tem, the length of tne communication

PSRN AN

X message in pytes, tne namne of the reguested Process to e ini-
W tiated at tue destination node and data on wnetaer tae Process
-~ waica initiated tne communication is waiting for a response or
) noct.

2

fhe data on an Item "MSG" is used by the Processes which perform
tne mmessage routing function. A key Process will be called
X RUUFER. DIne function of ROULER is to determine if “M3G" is at
j ics destination node or not. If "MSG" is at its desctination
g) node, tae node responds to it by initiating the Process
-1 regydested. [f "M3G" is not at its destination node, the next
node in tne Arcaitecture on tae pati to the destination node for

§f "MS3" is determined and the ftew is transmitted to it.
A fu2 seyuence of tne routing Processes is then developed. For
¢ eAacCil mMessaje, a similar segquence takes place. dNames are Jiven to
¥ tne logical functions wnicn correspond to each Process. RE2-1/0
- is tne name of tne Process which creates tne comnunicacion mes-
: 3aje, "MSG", and assigns its attributes. "MSG" is passed co a
n:,‘
A Paje 28
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Process called ESR-CALL wnich determines if taere is to be a
response assocliated with tne wressaje. If taere is to pe a
response, tue initiacing Process is suspended. If tinere is no
response, tne initiating Process is resuaned. TIne nest Process,
ROULER, decermines the next node in tne patn to tne destination
node and initatiates a cnannel transfer of tne message to tndt
node. CdLIO represents tne Jueueiny time for the caannel and
interrupts the next node. IHANDLER models tie interrupt nandling
logic in tne next node and continues routing the message tarouyn
tne Arcnitecture until it reacnes its destination node. Waen tne
message arrives at its destination node, the reguested Process is
initiated. 1If the initiating Process wants a response, a
respons2 messaje is created and routed back.

REQ-1/0 INITIATES A CHAIN OF PROCESSES UTILIZING
CHANNELS AND NODES ENROUTE

REQ.1/O | CREATEA

: MSG
SUSPEND OR
ESR-CALL | ReSUME CALLER
Y

ROUTER | ROUTE

QUEUE INITIATE

FOR CHLIO CONTROL | CALLED

CHANNELS T T PROCESS

INTERUPT - =1 EXECUTE

AND ROUTE| HANDLER PROCESS”| REQUESTED

MSG ‘ PROCESS
CHLIO [ controL |

28000838 G-12-80

Figure 1ll. Message Routiny Process Seyguence
3.3.1.3.2 Process: REY-1/0

Process REY-I/V is the top level pProcess of tne Message Routing
Subimodel. [lhis Process causes a Procass reduest nessage to be
Jenerated. Wnen tnis Process is called, it is given PRUCESS,
wiaich is tine name of a Process to be initiated in tne destination
node of tne messagye, PRIVRITY, which is the priority wica wnicn
PROCESS 13 to pbe initiated, RESP.OP[, wnicn is 3WNAIl or SNOWAILC
and indicates wnether the parent will wait until tne initiated
Process completes, MSG.LN[d, winich is tne lengta in bytes of tiae
messade, [U.NODE, wnicn is tine destination node for tne mnessage
and tne node in waich PROCESS is to be initiaced. Tais Process
does not return any paramecers,
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A detailed description of tne parameters of tais Process 1s given

PRUCESS NAME: REJ-I/Q - Generate a process rejuest essajge on

o8 oy

initiate /0.

LIOCATION: axecutes 1n all nodes.

)
v
-
[
-
'

-

.
Nt
PR

YN - - YGRS

L
.ﬁﬁ;

¢

PROCESS (VATA [YPE: PRIOCES3) ~ lunils Paramecer 13 tie nane
of the Process to oe initiated in tne destination node.

PRIORITY (DALA TYPE: REAL) - I'nis parameter 13 the prior-
ity waicn the initiated Process is to nave waen ic is
starcted.

RESP.JPT (DAlA TYPZ: ALPHA) - This parameter i3 tae
option for tne comtunication. Ine only legal values in
tnis parameter are: 3NAIT - tne pdrent pProcess will wait
until tne requested Process finilsnes before it resumnes,
SNONAIT - tne parent Process does not wait on tae
regyuested Process.

MSG.LNLd (DATA [YPE: REAL) - [als parameter i3 tne lengtn
in pytes of tne communication messaye routed tarouyga tae
natwork, reguesting tha Process to be invoxked.

TO.NODE (DATA TYPE: RESOURCE or ALPHA) - [nls parameter
is tne destination node of thne message wnica is tne node
in wnicnh to initiate tne reguested Process. If tae ALPHA
variaole 3Y&S is provided for this parameter, tae node of
tae reguested Process 1is computed by the $NIDE keyword.

NONE

ESR-CALL

Following is tne gyrapnical representation of Process Rel-I[/0.
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GENERATE A PROCESS REQUEST MESSAGE aND INITIRTE [ G

I

i —_—

1 GIVEN / |
I | PPOCESS  PRIORITY | START
A1) 9ETPLOPT O MSELNTH Y 0 10
i1 TO.NODE " 0

| 7

————— ettt

] RS \
; "6 “CREATEN
QZK |' "t -

RETURN
AL

N)

Von / PERTE MEIIASE SATR TO T
o A,
oo i
v ISCNODE
. I3 AZCISNED TO
o 6 SN0%E WDICATE SLFPENT “I3E
P
{ o
"SCNODE
2 13 ASSIGNED TO
; e FNOSE | [uDIcatE URPENT NOJE EROM
. T
! 'PROCEZS
‘as 12 ASSISNED T0O
| nse PTAZK__ 1 INDICATE PEQUESTED PPOCECS
| )
’ PRIORITY
o 13 ASSIGNED TO
j nse TT°3KP"‘ INDICATE PELATIVE PRIGRITY
N
REZP.OPT
a7 {3 ASSIGNED TO
[ nse LDE:PQNSE SNOWAIT IR § WAIT N CALL
MSG.LNTH l
aai I3 ASZIGNED T2
Do e ILEHG“ INDIZRTE LENGTH IN 3YTEX
J{
“70.N0DE
~ IF TRUE |
a9l t_i&-—-———-f) £ y
END ~ SN0 WWEPE 30ES PPOCESS P£213€
| - T3.H0DE .
e T g
71 SETNODE $7€3 JEFRULT 7O NODE CELECT
P
P 4
o TG NODE |
af I3 ASSISNED T
» e TNOJE_ ! gl-e-- NODE I3 SIVEW
; ! iy
; , n  —
12 —)
; END
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. L SETNODE JETERNINE “ODE FCM #ROC.
N D g
O (- ’
L i ‘$NODE PPOCELS
. “‘- 13 A3SIGNED TO
N \At SG TNODE__ | smoDE OF FOOCEIC IN 2€F
! 4
P 4
P .
Vel IW___—_.—.J
g \ .
: g Ny SEND MSE FOR ERVICE
i SIVEN AL ETURN
AR \ ER-CALL \
15)
NAIT |9
! A}
' ',—‘JE—_-\
| END
I ;
/

REQ-L/V begins by creating tne message and initializing various
s attripbuces of it. Tane attributes CNUDE and FNOOE are tne current
‘ node in wnici tnis Process is executing., Thne attribute RTASK is
3et to the Process which will be executed in tane destination node
of tae nressagye. Tne attrioute TASKPRI is set to tane priority
with wnicn tae reyguested Process will execute. Tne attridute :
RESPUNSE is set to SWAILIT or JNJOWALTD; i.e. whetaer tne parenc is
to wait for the redguested Process to finisa Processing. rlae
attrioute lengtn i3 set to tie lengtn in bytes of tne wessajge. .
Next tie value of the destination node is cnecked. [f cne value
of tune destcination node is 3Y£3, then the THNODE attrioute--i.e.
tne destination of the messdgde-~~is s2t to e tne node 1in waicn
tae reyuested Process executes. Otanerwise, tae name of tne
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destination node is supplied, and attribute [NJODE 1is set to cais
- value. Fnis Process tnen calls Process ESR-CALL and gives it tue
A cr2ated nessayge.

3.3.1.3.3 Process: ESR-CALL

N . Process ESR-CALL is called by REQ-L[/0 and eitaer sdspends tae
raguesting Process if a response messade is requesced (WNAIT
option) or allows it to continue processing if no response is
requested (NONAIT option). Wnen tnis Process i3 called, it is
passed the Item M5G. [nls Process does not return any
parawmecers,

PRIUCESS NAME: ESR-CALL - Exacutive Service Reguest (CALL)

——

LOCAPION: executes in all nodes

GIVEN: MSG (DATA TI'YPE: ITEM) - Tuis parameter is tne comnunica-

X tion message created in REQ-I/VU waicn contains tne Jdata
for tne Message Routing Subimodel.

RELURN: N/A

CALL5: ROUTER

Following is tne grapnical representation of Process ESR-CALL.

OPERATING SYSTEM: EXECUTIVE SERVICE REQUEST (CALL )
SIVEN FTTVvrrR PETURN
nse ( START \ ALL
9 EsR-cAL NO
lsTazK i
a2 | 17 G3T15NED TO |
Hse o735 | gracks INSTANCE TO REZUNE
I
ll.-
'wsg SEIPONSE
o 17 A%SisHED TO
| (REZP.JPT § OPTIIN= SWALT IF SNOWAIT
! & .
i { SiYEN [ “au ¢ SETIPN
gg‘nnts JWUTER :
! WIT 9
[ L
i L
——
~ 1F TRug, REP.PT \
195 L N € 2
' END SNOWALT ML) PARENT SUSPEND °
, ! v
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P Y .
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o7 N —
! END CONTINUE OR REIUME POINT
; { \
;w: . END

fnis Process begyins by setting tne message atcrioute PLASK to tne
currently executing instance of this Process. This value 1is
maintained in case tnis Process is suspended and is to be reswned
by anotner Process. Tnen tne response option of tane reguesting
Process for tne requested option is retrieved. Then tne Process
calls tne Process ROUTER to beyin roucing tne messaje to its des-
tination and waits for ROUFER to cowplete. Finally a test is
made to see of tne previously rectrieved reguest option is SWAILT
or 3NONAIT. If it is SNOWNALT, ESR-CALL completes., If it is
SWAIT, E3R-CALL is suspended, having tne effect that tine reguest-
ing Process waits until the messagye reacnes its descination, tae
raguesced Process exeacutes, and a response is routed back before
tne reguesting Process finisnes Processing.

3.3.1.3.4 Process: ROUTER

Process ROUTER determines wnetner tne message is at its destina-
tion node. Anen this Process is called, it i3 passed the mes-
sade, [nls Process does not return any paramneters.,

i

PRUCESS NAME: ROJUTER - Operating 3ystem: Interrupt dandling and
Routing

(e I 3

.
“~
~
>

[

ll

.. .. -

LIUCATION: executes in all nodes

SLiven: MSG (DATA IYPp: L[TEM) - Tnis parameter 1s tae comnunica-
tion messaye vreated in REY-I/J wnich concains tne data
for tne logical process comnunicacion protocol. )

REFURN: NONE
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AN
e CALLS: CdLIO, CONTROL
v:E Following is tne gJrapunical representation of Process ROJMER.
( -
. ! OPERATING SYSTEM : INTERUPT HANDLING RND ROUTING
| vt a—ta—
; ! GIVEN / \ PETURN
LY /
ML i START \ aLL
o | \ PouTER ! )
o i IL ;
B " s
N l 53 CNODE
faz IS RSIIGNED TO
o0 : s INDICATE SUPPENT NOJE CPU
0 1
25 ‘
- ~IF TRug, M6 CNODE
o~ al U £
" CONTROL N TNOSE < :s wsg AT SESTINATION °
N P M.ROUTE
e 2 IS ASSIGNED TO
\Y | RT.OVHD CP POUTE PATE. LENGTH
: nse LENGTH
§ 3 1S RSSIGNED TO
ASC.LNTH CALCULATE ROUTE OVERHERD
i}‘.:
k™ W.0YHD =MULTIPLY
% RT.OVHD
RSG.LNTH COMPUTATION OF QVERMERD
o M.OVND
o, o7 I3 ASSICNED TO
Y ¥.ROUTER MONITOR OVERMERD FOR PLOT
e “ROUTE.OH
A\ a3 CONSTANT
- ! ‘N0 | JELAT FOR POUTING
* ’ Lo ———————————
_.‘.' ! ; . h
.'." ! i XD i
. . S1YEN SALL PETURN
P 30l € CHLID
NI | NOWRIT 13
~ R (———t e
by [ NP
o . "
.‘1 5 -
-J E‘a L——.?._{J
P £4D
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i /ns6 TYPE \
: t FTRY \

o O €9 ;

] e WPCONTRL  \ SRETP /" IF PEIPONSE-uP PRIORITY
R A
20 : W6 cAskeRl
X s 13 33TIGNED TO
, {POIIRITY IET “ESZRGE PRICRITY
Py i
N i o
\':Q' v
ot . :

l‘:.l.‘ ) 'ﬁ“ N
l-"' .1‘ \- "1
oo ; HPCONTRL ; PRICRITY= IF UNDEFINED
R ; SIVEN ‘ TAL | SETURN
AN €6 SONTS
o 5 ! conTeoL |
2N ! INCURIT  PRIORITY
n | =
N | ¥

o ~ \J

4 16 N
»! END
ﬁ“'o \

8% —t—

A%

o h ( END /

1] : —4
;

AT

- ¢
5 Tae first step of tnis Process is to assiyn to a variable tae
v, name of tne node wnich is tae mwessage's currenc position. [he

355% messaje's current position is tnen compared witn its destination

,*-:': node. I[f at tais point tne node is at its destination, tne des-
T tination node is tne same node which generated tne message.

—_ Pnere is no routing overnead delay because tie message did not
<. nezd to e routed anywnere (i.e. M.CS is zero). Pile Process taen
j tescs to sSee if tie message 1s a reduest messdge or a response

"-:::J messaje. I[f it is a4 reguest mnessage, tne routine CINTRUL is

‘5.*-; called wita a NUNAIT option and a priority egqual to tane reguested
-.‘ priority, and tine reguested Process is initlaced in tae destina-
- tion node. If tne wessaye is a response message, tne routine

ey CONFROL is called witn a NOWAIP option and a priority of zero,

et

po

~f.:’
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and tne reguesting Process is resuned, implying that the Pessage
nas reacined its destination, tne reyguested Process has been ini-
tiated, and tane mMessagye nas been routed pack to tne node from
wnicn it was Jenerated.

If tne node is not at its destination, the overhead cost for
transfer of tne message from its current node to its next node
must be calculated. Since this wodel is assuning cthat tae over-
nead is a constant value because tne messages are all the sanmne
lengtn, tne mean context switciaing time (M.CS) is used; tne mes-
saje lengtn (MSG.LWld) and tne route rate per lengti (RT.OVHD)
are not used. TIhe Action ROUTE.OH is used to simulate tnis delay
time. T[ne routine CHLID is then called NOWAIT to forward tae
message to its next node, and the Process terminates.,

3.3.1.3.5 Process: CONTROL

Process CONTROL performs two different functions depending on
winen it is called. Tnis Process is passed tine message. If cne
messaJde is a response messade, tnen at tnis point tne reyguesting
Process has waited for the inessage to reach its destination, tne
regyuested Process to be initiated, and tne iressags to be routed
back. At tnis point tae message nas ygone full circle and
returned to tane reguesting Process's node. CONFROL tnen resanes
the rayguesting Process. If the messaye is a reguest message,
then tne messaye 1s at its destination and tihe reyguested Process
is initiated in tnat node. If the reguesting Process is waiting
for a response, taen the attributes of tne message are changed so0
that tae original source node is now the destination node, and
the message type is changed to a response type. Tnen tne routine
CdLIO 1s called to route the messaye back to the reguesting
Process's node. If tne reguesting Process is noc waiting for a
response, tne message is destroyed.

PRUCESS NAME: CONTROL -~ Operating Syscewm: Context Switciing

LUCATION: executes in all nodes

GIVEN: M™MSG (DATA TrYPE: [TEM) - This parameter is tne comnunica-
tion message created in REQ-I/0 wnich contains tne data
for tne loyical process comnunication.

REIURN: NONE

CALL3: CdLIO

Followinyg is tne Jgrapanical representation of tine Process CONIROL.
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o 1 I"Ts acstenep o
v, 7
‘. lrse FNODE | CURRENT NODE IS FPOM NODE
1: . . \
¥ S1VEN AL RETURN
L CHLIO
i NALT 9 |
2 L .
« [ }
3 ) )
b ¢ . ! END
\
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R
e fne first step is to allocate the node where the messaje is
- currencly located. [his is tne node wnere tne raguested Process
o will be initiated or tine node in waich tine reguesting Process
- executes (wnicn is currently suspended). [ne action C5.0d siwmu-
v lates tue delay tiwe involved in the context switcning. TIne i

value for tnis time 1s an attribute of tihe node. nNe&kt tae Pro-
Cess determines if tine messagje is a reguest or rasponse aessage.
[f ic is a response Messaye, this Process resumes tae suspended

4

,‘q.
& s
a2

LS -
N instance of tne requesting Pro;eab, destroys tn2 message, deallo-
{} cates tine current node, and terninates. [f tne wmessage is a §
" request wessaje, tune name of the reguested Process is retrieved 3
. from tue PLASK attribute of the message and tie Process is ini-
A tiated. CONTRUOL waits until ctne rajguested Process coaplates.
e
Yy
o,
Q‘
‘s
‘N
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Next CONIROL ciheCks tine message attribute RESPUNSE to see Lf tne
reguesting Process is waiting for a response., If a response is
not desired, tne message is destroyed and CONIRIOL terwminates., I[f
a response 13 regquested, the message type 13 cnanged to response,
the destination node 15 changed to tane from node and tae from
node is changed to tne current node. Then tne Process RIOULER 1s
called to route the message back to its orijin. ROUJFER is called
Witn a WAIT option. CONTROL then terrinates,

3.3.1.3.56 Process: CHLIO

Process CdLIO determines the current node and the destination
node for tne message whicn 1is passed to it. [t then accesses tae
Legal Patn lrable to deterimine the next node along tuae route and
tae caannel to Jget there. [Inhe channel is allocated to siamulate
its use, and tne routine IHJANDLER is called to interrupc tne next
node,

PROCESS NAM&: CHLIQ - £full and nalf duplex channel loyic

LOCATION: executes in all nodes

GIVEN: M35 (DATA TYPE: ITEM) - This parameter is tne compunica-
tion messaye created in REQ-I/J wnicn contains tae data
for the logyical process communication.

RETURN: NJINE

CALLS: IJANDLER

Following i3 the Jgrapnical representation of the Process CdLIO.
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I'ne first step of tnis Process is to assiygn tne current node of
tne message to SCHODE and to Jet tne destination node for tne
message., Tnen tne next node and link are determined pbased on
$CNODE and tne destination node. Then tne link is allocated.

Mne transfer time for tne message to cross tne cnannel is always
a constant rate (tne EVAL calculation using tne channel rate and
the message lengtn is ignored). The Action XFER.Od simulates tne
time used to traverse tne channel., Then the current node actri-
bute of tne message is changed to the next node to update tae
mnessage's position, and tne current node (3CNODE) 1s set to tae
next node. TIne link is taen deallocated and the routine I[4ANDLER
is callad to interrupt tne next node Processor.

3.3.1.3.,7 Process: IJdANDLER

Process I[dANDLER is similar to tne Process ROUFER. IHANDLER is
passed the wmessage., T[he Process then interrupts a procesasor node
by allocating the node. If the messaye is not at its destination
node, tanen I[d4ANOLER computes the next node in the route to tne
destination node and calls tine routine CJdLIV co perform tne rout-
ing. If tne message is at its destination node, tinen [JANDLER
calls CONTROL to initiate the reguested Process in tane destina-
tion node.

PROCESS NAME: IJANDLER - Operating System: Interrupt dandling and
Routing

LOCATION: executes in all nodes

GIVEN: MSG (DATA [YPE: IItM) - Inis parameter is tne communica-

tion message created in REY-I/J wnica contains the data
for tne logical process communication protocol.
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o RELURN: NUNC
s
- CALLS: SdLld, COWTlROL
% Following is tue Jrapnical representation of Process I[JANOLER.
A .
o
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e 01
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| B
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[ais Process first determines wnetner tne message is ac its des-
tination node. [f it is, IJdANDLER calls routine CONPROL to ini-
tiate ctne regdested Process. [f a response messajge is to de
sent, tinen CONIROL 1is called wita a zero priority; otaerwise, it
is called witn tne priority of tne reguested Process. gitaer
way, CONIROL 1s called witn a NOWAIT option. If tne iressage 1is
not at its destination, tae current node is allocated. TChe
ACtion ROUTE.Jd i3 used to simulate tne delay time for Processing
the routing. I'nen tne node is deallocated and routine Cd4LIO is
called NONALIT to perform the routing. IHANDLER tnen cowmpletes.

J.3.1.4 Subset of System A single tnread 5cenario exaercising
tae Message Routing Submodel for a subset of tne comrunication
network is uJused to verify che loyic of tne suowodel. The single
turead Scenario uses three nodes and models a hardcopy reguest
transmnitted from airbase 87 to tine comrand neadguarters Cdy
througn subnet switch processor S$7. The simple architecture is
snown Delow.
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{ Fue operation of tnis test case initiates with a Scenario TE3ST1
e defined in tne following way. TESTLOAD initiates tae Process

8 dCOPYCHQ at node B7 at the start of tne simulation. This is

- accomplisned with the following Scenario and Load definitions.
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SCENARID NAMZ: [EST1 PERIJD LENGIPd: 60000V

DESCRIPIION: SINGLE [HREAD TEST CASE

PERIODS: 1

IRISGGER SCd TIME PRIJRITY
TESTLOAD U U

LJOAD NAME: TESTLOAD

NODE1
87

VDESCRIPTION:
INITIATE PROCESS HCOPYCdl

PRICESS AAX ¢ SCH MID MEAN DELTA PRIORITY
dCoupyYCil 1 SIART U

Figure 13. Example 1 Single Thread Test Load and Scenario

3.3.1.4.1 Process: dCOPYCH)

[ane Process HCOPYCid) represents the reguest for nardcopy from an
airbase to tne commnand neadyuarters., [t nas tihe effect of
triggering tnrougn a CALL to REQ-I/O which creates a message,
M85, wictn LeNGld attribute equal to ACLNTH (2U0 cnaracters). The
FRACE Primitive enables tne TRACE output wihicn tne AISIM simula-
tor automatically generates,
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Figure 14, Process dCOPYCdY
3.3.1.4.2 Process: CHHD

The Process CHQHD is initiated in node Cd after tne communication
Message is routed throuyn the network. dardcopy grapanlc response
messagyes are 6300 characters. The Process CHYHD represants tae
reception and processing of nardcopy reguests from the two secon-
dary neadguarters d)l and dQ2. It is initiated by tne Processes
d214GEN and H)2HGEN throuyn a CALL to REQ-I/0. Tne Process is
Jiven a reference to ctne Itam 4SG as a parameter. Tiae first
primitive, ASSIGN, sets the value of tne attribute of MSG called
dACRLNTH to tne local variable MSG.LNId representing tne lengtn of
tne hdardcopy data message. In the gVAL primitive that follows,
the local variable M.0VdD is set to tne product of MSG-LNTld and
CdldovdD, wnich is a global variaple representing the overnead
for nardcopy regquests in bytes/second. Tae variable A.0vdD is
tuus egual to tne time overnead of the response to tne nardcopy
regquast from 401 and dQ2. An appropriate aimount of time is tuen
taken up in an ACTION primitive and tne Process taen retudrns the
reference to tne Item MSG to the calling Process. [he Jgrapaic
representation of CHYHD is snown in Figure 15.

Pajge 49

P A

"-’""'l"-'y\. [
-

P I ) ey " A PSR P TR T TR
A IR R R A A A N A R A AT




U. - - - - - -~ - --‘-' -." hY . . -~ N .. -.- M * - - - y ‘. - g b ,-~ - )
"-:1'
R
N
L.
AN CHU PRULLISING Ut whrwPHIUS REQUELT
- A e e,

RN CIVEN s " RETURN

. ay| MSC < START Y me CH
- CHORD /

%,‘ HCRLNTH

{v I3 R3SIGHED TO
N MG LEWGTH | | ENGTH OF HARDCGPY RESPONS :

o 4 .
N MSG LEMG TH
. 1S ASSIGNED TO

P 03 -

e MSG.LNTH GET MESSAGE LENGTH
i q

,. )

M.OVHD =MULTIPLY i

, 24 M3G.LNTH i
: CHGHOYHD GRAPHICS OVERHEAD AT CHe@
ﬁ T

CHWGD . UH

. oS CUNSTANT

N

e, M.OVHD PROCESSOR GOES TO WORK

.
[

s
).‘:. W

ol 06 { EN

«
BN,
s, £, :.

%' A

Figure 15. Process CddD
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3.3.1.4.2 3Single fhread Trace [he Single Ihread [race is saown

below.
T= g N = B7 P = TRnUE Tl f 0t
f= [\] N = R?7 P.- TRACH FND
= {600.00000 N = K7 - ROUTLR (RIS CHt. O
= 1600.00000 N = R? P ROUTER [ ND
1 1600.00000 N = 17 P CHLIED 5TART
= 1600 06000 N = K7 P= CHL IO ALI.OCATE B7S7 A
T= 1600 DOOV0 N = 72 Pz ESGR-CALD SUSPPEND
T= 8259 99609 N = 47 P.. CHLIO pEALLUC Rr7G7 A
= grsy 99609 N = 867 = CHLTO LAlL ITHANDLER
T= RS9 99609 N = $7 = CHL 10 FND
AR BRPS9 99609 N = S7 = THAMDLTR START
Y= 8259 99609 N = §7 P~ IHANDLER ALLVCATE 87
T= 8260.01209 N = 7 P THANDLER nE Ll OC 57
T 0260.01209 N = §7 P THANDLER IR CHI 10O
= A26n. 01209 N = 47 P: THANDLI X EMD
1= 3260.01209 N = §7 P CHL IO HTART
T 8260 04209 N = 7 P CHE D M LOGATRE 47CiH A
1= 14900 . 00819 N = CH P CHLELY DAL LOGC  STCH A
= §14920.00819 N = CH P Chi L LAl LIIANDL F R
[ = 14920.008419 N = CH s CHLLIOD £ND
T 14920 00819 N = CH P= [HAMDLER SVART
= 14920 40819 N = CH P= THANDLER coal L CONTROL
= 14920 . 00819 N = CH P THANDLER  END
= 14920 00849 N = CH p= CONTROL  START
= 14920 00812 N = CH P= CONTROL oL OCATE CH
1= 14920.00824 N = CH P= CONTROL [of-TH R CHAMD
T 14920 . 00821 N = CH P= (CHRHD START
T= 77920 .00824 N = CH P= CHQMD END
= 77920 . 00824 N = CH P= CONTROL  CALL CHL.IO
T= 77920 00824 N = CH P= CHLIO START
T= 27920.00821 N = CH p= CHLIO ALLOCATE S7CH K
T 267709 88324 N = S7 P= CHLIO DEALLOC S7CH.B
T= 207709 .88324 N = §7 P= CHLIO cat .l IHANDLER
T= 287709 .688324 N = S7 pP= CHLIOD END
T= 287709 88321 N = §7 P= IHANDLER START
T= 287709 .88324 N = S7 pP= IHANDLER ALLOCATF §7
T= 287709.868324 N = CH P= CONTROL.  DIALLOC CH
T= 287709 .88324 N = CH P= CONTROL  END
T= 287710.38721 N = §7 P= IHANDLER DEALLOC &7
T= 287710.38724 N = 87 P= IHANDLER CALL CHLIO |
T= 297710 .38724 N = §7 P= THANDLER END !
T= 287710 .3872¢4 N = §7 Pa CHLID START
= 287710.387241 N = §7 Pa CHLIO ALLOCATE R787 W
T= 497500 .236224 N = B7~ Pa CHLIO DEALLOC B7G7 B
T= 497500 26221 N = B? P= CHLLO CALL  IHANDLER ]
T= 497500 .26221 N = B7 Px CHLIO END !
Ta 497500 . 26224 N = B7 P= THANDLER START |
T= 497500 .26224 N = B?7 P= IHANDLER CALL CONTROL \
1= 497500.26221 N = B7 p= [HANDLER END \
T= 497500 .26221 N = B7 P= CONTROL  START |
T= 497500 .26221 N = B7 P= CONTROL  ALL DCATE ®? |
T= 497500 .26224 N = B7 P = CONTROL RESUME  ESR-CaLL (
= 497500 . 26224 N = B7 P= CONTRUL  DEALLOC B? :
E) 497500 .26224 N = B7 Pa ESR-CALL ALLOCATE BR?
T= 497500 .26224 N = B? P= CONTROL  END
1= 497500 . 26224 N = B7 P= FSR-CALL FND ‘
Ta 497500 . 26224 N = B?7 Ps REQ-1/0  END
T 497500 .26224 N = B7 Pa= HCOPYCHG DEALLOC B7 ‘
T= 497500 .26221 N = B7 P= HCOPYCHR END

\
Figure 16. Example 1 Sinjle Inread [race |
|
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o 3.3.1.5 Complete Network arcnitecture [pne specificacion
- regulras a systean of mmany alrbases, two neddguarters, a singiz

T compand aeadguarters dand switcnes to route massages bDetwean any
- cf tue ocher physical elements in the systen, A nuaber of arcai-
t teccural topoloyles would accommodate tuis descripcion. [ae pur-
o pose Oof tne mmodel i3 to test switching capacity. Statisctically
e speaking, <eacn of tne airbases iimposaes the same load on tae sy/3-
- tan., A simplification to replace tue cellection of cirvases

e aroudnd eacn switcn by a single airbase, compensating for tae

s reduced nuimber by increasing the load from tae single base by an
X appropriate factor, can pe done. Adapting tane 7 sudnet arcaitec-
;i ture Ly tails siwplification produces an arcpnitecture for tne sys-—

il

a % 4
¢ «
}

- tair saown in Fijure 17.
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Figure 17. The Complete Network Architecture

L dere the s3ix nodes labeled "B" represent airvases; tue nodes

o lapeled "d" are neadguarters and the node "CdQ" represents a com-
s wand neadyuarters; tae syuares lapled "S" are tne switcpnes

5 taroddn wnicn any wessages between airpases, headjuarters or com-
mand neadguarters must be routed. Tihe Legal Path fable is in the
main determined by the topology of tne network itself, in con-
Junction witn tne routine tables (figure 4). Leaf-nodes

o representing airpases, neadguarters and command neadguarters con-
el municacte witn any otner nodes in tine systaem tarougn its contigu-
gﬁ ous switcn. [ne architecture, througn tae presence of tae tne
.. link between the switches S4 and S7 (togjetner wita tae Juestion

- of direction), allows for several alternative patus between
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switcaes, awongst wilicn the user must cnoose explicitly.

3.3.1.6

processing functions,

Node Process Definitions

In order to represenc node
twenty-two distinct Processes representing

tne various operations of tne communication system nad to be

defined.

Processas in the model,

Figjure 138 contains a taple showing tne system of
fhe left nand coluan indicates the naire

of eacn Process as it appears in tne model. The mmiddle colunn
indicates wnicn of the three activities modeled in tne Process

are represented by tne named Process and the tuird colwen shows
tne Process that is triggered by the one nawed to tihe left and
Ffhe AISIM representation of each of
rationale for its desiygn,

l. “SG
’ GENERATION

20 PROCESS

DATABSO!...7
DATABCHQ
DATABHQI
DATABHQ2
HCOPYCHQ

W 10GEN

RQIGGEN

HQIRCEN

RQ2DGEN

RQ2GCEN

AQ2AGEN

3.3.1.5.1

wanat activity it represents.
tne Processes is described with o

GENERATION
FUNCTION

(MSG TYPE: TRANSMISSION)

Data: B node to local B node
Data: B node to CHQ
Data: B node to ROl
Data: B node to R)2

Rardcopv request: B8 node

Data: HQl to B node
Data: RQl to HQ2
Data: ™01 to CRQ

Graphics request: WQl to
Rardcopy request: Ml to

Data: WQ2 to B node
Dnta: HQ2 to HQI
Data: RQ2 to CHQ

Graphics request: W2 to

Rardcopy request: HO2 to

Figure 13,

to CHN

CHQ

CHQ

cnQ

(0]

PROCFSS CALLED
AT DESTINATION

BECHN - Send data message to origin
HQ -~ Process data message

HN ~ Process 1ata message

H) - Process data oessage

CHQAD - Process hardcopy request
message and send response to origin

B-ORIGIN - B node stub process
HQ - Process data message
HQ - Process data message

CHQGD - Process graphics request
message and send resoonse to origin

CHOHD -~ Process hardcopy request
message and send response to origin

B=~ORIGIN - stub process
HN - Process data messase
HQ - Process data message

CHQCD - Process graphics request
message and send response to origin

CHNAD = Process hardcopy request
message and send response to origin

Example 1 Processes

Processes DATAB8801 tarougn DATABBU7 The sevan

Processes DATABBUL throuyn DATABB07 represent tne transmitcing of
data messages from one airbase to anotuer,
consists of a simple call to REQ-I/O whicih initiates an instance
of tne Process 3ECd0 (discussed below).
transinits a return messayge,

BEC4O yenerates and

Eacn of these seven processes
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b differs in put one paraweter, namely, tie node to wnlcn tae data
o i3 cransmicted. 3elow 13 tne Jrapnic raepresentation of JATASsUL:
X
8 ! CREATE B-NODE TO 3-NODE COMMUNICATION IN 81
A gy
o ] /[ START \ au
. 81 4
- \ per:aser [ w0
.‘h': 1
l.“l 'j
= SIVEN oy RETURN -
B-IRIGIN BECHOPOI SEQ-1 0
. 821 SHGWAIT  BBLNTH
. 1 WAIT 3
"1 i
\ .1 : N
> 5‘——‘—'“\
Lo i
~ FE! ! END }

“~

- ‘:

>

e 24

:_\

oy a5

-

L

o
“ 2

4
A

]

>4
o Figure 19. Process DATAZBU1

fine annotations at the left of the START figure indicate, firse,

201 taat tae Process executes in all nodes-~tunough, in fact, its exe-
[ cution will be confined to "B" nodes. Secondly, tne Process nas

o no attacned attributes. [ne parameters to the left of tane CALL

N primitive carry tne values accessed by tne Messagye Routing Submmo-

o del, of wnich "REQ-I/O" is tane top-level Process.

NS 3.3.1.6.2 Process: BECH) TIne Process 3ECHJ echos a message back

N to tae hode Erom wnicn it was triggered. It does tnis by

> trigygering tne stub Process 3-URIGIN througn the Message routing
g Submodel, waicn is initiated by REQ-I/J. Tae grapnic representa-

| tion of 3ECHY is snown in Figure 20. -
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o j l THIS PROCESS ECHOES MESCAGE BACK TQ JRIGINATY
e . SivEN RETURN
o ’!ax} g { START & wec L
o o | secwo N0
"i [ '\___.!-__’
P ; i
o nsg FNODE
o ax! IS AstiskEd T
™ P 0-HODE SET JRIGINATING “3DE
<7 ! | A,
i ' X
. P SIv on f PETURN
: '3-9RIGIN 3-PRY "y |
"3 92 SNQUAIT  3-LNTH Ree-io )
N i 'TI.NODE LRIEE) |
o P —_
o [ J \
i \
24 { END {f
S
‘;“- [
e 3
4 ‘asi
£} » !
R :
i9) 2
LY -
e
= Figure 20. Process 3ECHU
]
C4
1 A . X .o
s 3.3.1.6.3 Process: 3-9RIGIN
A
ey
A . - :
et Tne Process B-ORIGIN, which is triggerad by HQLIDGEN and d)2DGEN
(discussed below), consists merely of a START symbol and an EnND
. symbol, 1Its purpose is to allow thne computation of overaead
L7 accrued in tiae transwmission of wmessages from the two secondary
% headquarters (Hul and d2) to the airbases (tine B nodes). Ine
_»f‘ grapnhic picture of 3-0RIGIN is shown in Figure 21.
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Figure 21. Process 8-URIGIN

3.3.1.7 Processes: DATASCHJ), DATABHQl and DATABdQ2 Tine
Processes DATASCAY, DATASd)l and DATABHQ2 all represent tae send-
ing of wmessayes from airbases to, respectively, tne comrand head-
Juarters (CdJ)) and the two subsidiary headguarters dJl and dQ2.
gacn of tnese Processes is triggered in all of tne 8 nodes. The
effect of tnese three Processes is to trigger the Process 49 in
eacn of tue taree destinations, wnich is done by calling the Pro-
cess dQ in the CdQ, dldl and HQ2. Tnus, these taree Processes
differ only in the destination node that given as a parameter in
tne CALL to REQ-I/O~--the top-level Process in tne Message Rout-
ing Submodel--0f tne Process dQ. The Process d) (discussed
below) represents tne reception and processing of a wessage in
tae destinacion. TIae flow-chart representation of DATA3Cd) is
snown in Figure 22; tnat of DATA3d)l in Figure 23 and that of
DATAd) in Figure 24.
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Figure 23. Process DATASdQl
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SIVEN ':QLL } ‘ SETUPN

A9 uQPR{ 'I ogq-1. ;
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24}
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Figure 24. Process DAlAdY2

3.3.1.7.1 Processes: HQIDGEN and dQ2DGEN The Processes dJQlDGEN
and dJ2DGEN represent the generation and transmission of a mes-
sage at tne HQl and d2)2 nodes. The generated messages are con-
ceived to be sent to airbases, the cominand headguarters and tae
opposite secondary neadguarters. Therefore, HJ1IDGEN and dQ02DGEN
eacn initiate three Processes: the Process HY is triggered in tne
opposite headguarters (dQl or dQ2) node and in tne Cd) node. The
Process B-ORIGIN, discussed above, is triggered in B83. These
tnree initiations are effected throuyn calls to REQ-I/J. Tae
Jrapnic version of d)IDGEN--wnich is identical to HQ2D3EN except
in locus of exacution and in tne destination of its iressages--is
Jiven in Figure 25,
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: ‘ Figure 25. Process d)1DGEN
e
N : -
;{ 3.3.1.7.2 Processes: 421GGEN and dQ2GGEN Tne Processes d)1GGEN
4} and d)2GGEN represent the transmission of a grapnics reguest from
v eacn of ctne two secondary neadquarters to tne comnand head-
’ Juarters. fuaese Processes both nave tne effect of initiating a
Process in tne Cdy) node, namely CHJ)GD, to represenc tne reception
" and processing of ctae grapnics reguest. dQlGGEN is repraesented
{i in flow-cnart form in Figure 26, HQIGGEN and dQ2GGEN are identi-
et cal except for tae tne nodes in wnicn taey execute.
)"H
at
..‘0
‘, .
I
<a
2
v
S
o~
‘o
'L! N . _
Y Page \)U
3
Sa

AL A o N e o e




4
.

X0
1Y)

s
2.0, %

>
i
LN

ir £
PP RF.

P el ot RN

'

5
f}.

r o

P S
* -

Ay
s

i

e .
oA

v

L&

i e

T = - CteY . ARl T T TRTRERTROATYR S T
i | @1 NODE PEQUEST SRAPHICS 75CM CHA
i 31YEM = ~ RETUPN
| 6 { START  wee -1
a1 {
N | WalGsEN ! )
L 3
. SN T g TR
D easd =Rl | peger
A ey ol
| leves WRIT 8 !

Figure 26. Process HQLGGEN

3.3.1.3 Processes: H91dGEN and H,)2HGEN

Tne Processes HQIHGEN and d22HGEN represenc the genaration of a
request for nardcopy from the secondary headguarters to the com-
mand neadyuarters. They are triggered in the nodes 421 and d22
and in turn call a Process CddD in the CH) node. HQlHGEN is
identical to HQ2d4GEN except in node of execution.
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Figure 27. Process dQlHGEN
3.3.1.9 Process: CdQGD The Process CdGO is mucn lixke CddD.
It represents tne processingy of a grapnics reguest from the two
seconddry aneadguarters. [t is called by tine Processes d2lGGEN
and HQ2GGEN. In it, a reference to tne [tem MSG is passed from
tae calling Process. An attribute of MSG is accessed by tae
ASSI3GN primitive and its value is assiyned to a local variaple,
Frnat value 13 tnen used to evaluate (with tne EVAL primitive) tne
overnedd time entailed in tne response to tane reyuest, An ACTION
primitive tnen takes up the calculated amount of time and the
reference to MSG is returned to tne calling Process. [ne flow-
cnart rendering of CdH2GD is snown in Figure 28,
Paye 62
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» 3.3.2 Load: LOADSOl Load LOADSUl describes the Load placed on
N P

tiae comnrunication system from hosts connected to SUl. Rememper-
ing the assunption made tnat all hosts connected to a switcen node
can be represented by one node witn the channel transfer con-

I straint relaxed, LOADSULl specifies the Processes which initiate

-; at node BUl.
N;j
v There are two types of inessajes wanicnh originate at 81, data
¥ request mmessages with a mean message length of 750 characters,
and nardcopy display reguest messages witn a mean message lengtn
o) of 20U characters. Display reguest messages from node BU1
WQ request data be sent to node HYl, the CHQ node and echoed pack to
‘._1 Bl.
!
?: . In order to specify the Load to AISIM, the iressayes rates gisen
‘ in Figuares 7 and 3 in ms3/sec, poisson distriputed need to be
wi‘ axpressed by an interarrival rate given in sec/msg. [na exXponen-
23 tial distribution represents a poisson arrival pattern for
:j interarrival times.
. ¢
a Pne computation of mean interarrival rate for wmessage generation
. at node 301 is computed in thne following way. Data nessdges nave
: a message racte of ,517 msg/sec (Figure 7 -- dessage [raffic
‘4
.\
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Cnardacteristics). nils is disctributed 944 to all 5 nodes (Figure
7 -- Aessage [raffic Sources). laac is, tne wessagye rate for ctne
system originating at S nodes i3 .517 msgy/sec x .94 = .439%
msg/sec, Distriputing this to seven nodes eyually means taat any
one S node nost nas a mmessage Jeneration rate of (.486 wmsy/sec) /7
S-nodes = .07 msy/sec per 5 node nost. Inverting tnis for
interarrival time gives 14.4039 secs/wsy per S node nost. [Dnis
is tae interarrival rate for data raegudest Process trigyering
wiltlcn applies to Processes DAlABZ3UL, DATASCHY, and DATA3d)l waich
origyinate at source node B8Ul (Figure 3). The computation for
dardcopy display reguest generation from nod-> 301 uses a similar
metanod to cowpute tne mean interarrival time for J4COPYCHY

Processes origyinating at 301. Tne time for this is 14.643
sec/msy.

e definition of LOADSQl is snown in tne following figure.

Loads originating at otner nodes 302 tnrougn B07, dQ1l and dQ2,
are calculated in a similar manner from tnhe data in Figudres 7 and
3.

LUAD: LOADSO1
DESCR: S1 LOAD ORIGINATING Al BASe 801

NODEL NODE2 NODE3 NJODE4

sul

NODES NODE®S NJODE7 NODE3

PROCESS MAX ¢ SCH ™MID MEAN DELTA PRIORITY
Darfaga3ul 1uuv EXPONENT 14403 J
DALABCH) 1luuv EXPONENT 14403 0
DATASH1 100V SXPONENT 1443 0
dCoPLCHY 1000 EXPONENT 14643 v

Figure 29. Example 1 Load Originating at Node S0l

3.4 Analysis of Results

3.4.1 pPerformance Measures gacn node and caannel on the AISIM
arcnitecture represents a resource in tae system. The statistics
for tne performance of tne resources described in section 3.1.1
are found in the AISIM Resource Report.

3.4.1.1 Comnrunications Jueue Time £ach cnannel is represented
by one or two resources depending on wietner tne channel is nalf
or full duplex, Cowmunications gueue time is expressed as tne
RESOURCE WNAI[ [IME. Tne MEAN, STD DEV, MINIMUM and MAXIMUM fig-
ures refer to the mean wait time, standard deviation about tae
mean, miniimun wait time and maximum wait time for messages.
fhese figures are basad on the [OfAL NUMBER wnich is the numper
of samples collacted for the scatistic. Eaca sample representcs
tue wait time of a message for tne channel. Tnese values are
diven for eacn channel.

PCI T S "u." AR LT T TS TS PN .'\.\':
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A “"collective" statistic for communication gueue tiee can be
found in tne Process Report under RESOURCE WALl for tne Process
CdLIO0. Tlais neading lists tne SUM, MEAN, STANDARD DEVIATIUN,
MINIMUM and MAXIMUM wait times accumulated for tne Process waic-
ing on tne ALLOC Primitive. Eacn insctance of CHLIVU corresponds
. to a separate instance of a messaje. Since taere is only one
R ALLOC Primitive, tne RESOURCEZ WAIT statistic collects tue time
- for all messages in CHLIV.

3.4.1.2 Communication Channel Jueue Length [rne cnannel Jueue
lengtn statistics are found In tne Rasource Report for eacn chan-
nel in tne arcnitecture. The statistic is listed under the ¢
NAITING neading, wnich is the collection of samples taken by tne
AISIM simulator eacn time the Resource wait gueue is changed.

Tae ¢ NAITING statistics are time weighted, whicn means that tne
MEAN 4 WAITING statistic takes into account how long tne Resource
wait Jueue was a given length.

- 3.4.1.3 Processor QJueue Time Tne gueue time for processors is
snown in tne AIS[i Resource Report for each processor node iden-
tified on tne system architecture. As for channels, processor
Jueue time is listed as the Resource wWait lime in the reporet.

R 3.4.1.4 Processor Jueue Lengtn [lhe gueue lengtn for processors
. is snown in tne AISIM Resource Report for each processor node

: identified on tne system arcnitecture., As for channels, proces-
sor Jueue lengtn is listed as tne Resource ¢ WAITING in the
report,

3.4.1.5 Comnunications Channel Utilization The communication
cnannel utilization for each channel in tne arcnitecture is
listed in tae Resource Report under tne ¢ 3USY neading. [he MEAN
¢ 8USY statistic gives tne percent utilization of the channel.
Tne MEAN # 3USY is a time weignted statistic which is updaced by
tae ALS5IM simulator each time a channel is made idle by a DEALLJC
Primitive. The time tne channel was busy is added to tae total
busy time. At tne end of tne simulation tinis is divided by tae
total simulation clock time.

3.4.1.6 Processor Utilization T[Ine processor utiliazation for
eacn processor 1n tne arcnitecture is listed in tne Resource
Report under tne # B8USY neading. [he MEAN ¢ 3US{ statistic jives
tne percent utiliczation of tne cnannel. T[Inis statistic is tiwme
weighted, wnicn is updated by tine AISIM siwmulator eaci tiwe a

. processor is made idle by a DEALLOC Primitive. T[lhe time tne pro-
CessSor was busy is added to tine total busy time. At tne end of
tne sipulation tnis is divided by tne total simulation clock
tine,

3.4.1.7 JOtner Performance Measures dased on tne wday tne wmodel
1n1as oeen built, it 1s not possible to get wmessage response times
by source and destination nodes., For tnose processes wnich call
REY=-L/0 with tae WNAIT option, message response tiwme can be

Page 65

AT e N N N e T T N e e e T e e e TN _"i
PR KSR TR L S W S AL Sl S R S LR Vet



‘I L] " *
s""u s "‘ f:.‘ ',.
\'i.-:"-.l. A

[

0

R R 4

s 8
PR

N

[

-

ovtained by function from tne output listing under tne Process

Reporec,

liscs ctne TOPAL SAMPLES,

o

N,

filis appears under the TOTAL neading.

SuM, MEAN,

response tloe 13 accurulated under tnis statistic.

3.4.2

validating the Model

I'n2 node arnd channel

Inis aeading
SLANDARD DOEVIATION,
and MALIMUMA completion times of tne Process.
CorPY, JdCOPYCHD, dQ13GGE

MINIMUA
For Processes dARD-
dQLlHGEN, dO2GGEN and dQ2HGEN,

drtitlizations

for all resources in tne architecture can be calculdated analyti-

cally.
rate)

For channels,

Utilization is a function of tne Load (message Jeneration

and cae processing times, tae processing

time i3 dependent on message lengtins and channels transiission
tne processing time is depenuent on mes-

Speeds.

For processors,
3a4e lengtns and processor cycle speeds.
availapble and can be calculaced.

Tnese figures are
Comparing expectad utilization

of resources to simulation generated results provides a first
level of validity.

Node Utilizations
AISIM
Node Predicted Simulation Results
Sl 5.22 4.8
52 3.77 8.8
S3 9.77 9.9
54 21.23 20.38
S5 4.30 5.0
S0 9,97 3.3
S7 36.37 37.1
dl 1.91 1.7
2 1.91 1.3
Cd 56.60 69.3

PP IR AT SIS A R L L
B Al s T e T T T N

Figyure 3u.

.'\.“ -

Example 1 Node Utilization Results
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Cnannel ytilization (in &)

Cnannel  Connecting Predicted Simulation Results

S5251.3 31 to 352 2.74 2.7
S38l.3 S1 to s3 4.34 4.7
525l.A 52 to sl 20.09 19.3
5257.A 52 to 87 5.438 5.9
3453.8 53 to sS4 4.15 4.4
S3dl.A S3 to dl 12.53 12.6
S453.A 54 to S3 38.46 40.1
5654.8 S4 to S6 33.46 35.6
S5457.A 54 to 37 5.05 4.7
5586.A S5 to S6 2.17 2.5
§537.A S5 to §7 2.74 2.7
S6S4.A S6 to sS4 4.15 3.5
H2S6.8 S6 to d2 12.53 11.3
S5257.8 S7 to S2 35.85 37.6
S4s7.8 S7 to S4 43.37 44.3
$5587.8 S7 to S5 17.93 20.7
Cds7.8 S7 to S3 1.75 1.8
33idl.B Hdl to S3 .39 1.0
H2506.A d2 to S6 .39 .7
Cds7.A Cd to §7 13.69 14.3

Figure 31. ExXample 1 Channel Utilization Results

3.5 Conclusions

Tae AISIM model of the comtunication network is very representa-
tive of the system description. TIhe approach taken for this
model demonstrates a tecnnigue wnicn can be used very success-~
fully in simulation modelling. That is, building a genaral sub-
model to represent a specific function in tne systam. The advan-
tage of eliwminating dependence of wmodel components is that tae
fewer dependencies in a imodel, the more easily adapted it is to
otner applications.

Example 1 is certainly not a simple problem. For tnat reason tie
solution approacn siown is not trivial. Still, tae wodel ianple-
mentation plan consists of a manageable set of discrete steps
towards wmodel implementation,
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4. Zxample 2 - Loop Tomnunication Network

gxample 2 demonstrates tne application of AISIM to anoctaer com-
munication system utilizing a loop protocol. Unlike exairple 1

wilere low level prococols of tne subnet node cowmnunication was

not described, modelling a loop involves addressing some basic

elamnents of tne communications, like puffers and slots.

A loop is descrioed most pasically as single direction, circular
comnunication. TInis example concentrates on a loop system using
a Plerce protocol.

Puis example snows now it is possible to use parts of previously
developed models to yuickly yenerate a new model of a totally
different system.

4.1 Input

4.1.1 Mission Concept Nodes in a network comnunicate tnrough a
Pierce loop arcunicecture. A Plerce loop is described by a c¢ircu-
lar linked arcnitecture. Messages commnunicate between nodes by
circulating around tune architecture via message slots. [ine nodes
are tne "users® of tne comnunication loop. Eacn node represents
a processor servicing its own class of users. Processing and
data is distributed to the nodes, necessitating tne incer-node
commnunication,

4.1.2 Problem Perspective Several messayes wmay be Iin the net-
work simultaneously. [ne performance of tne cowmnunicacion system
Jusing a varying mix of messayes will indicate whether messages
are e¢fficiently nandled. The following are definitions of per-
formance criteria for this example.

l. Jueueiny rime - fime elapsed from message generation until
start of placewent on tne loop by tne transmitter. '

2. [fransmission [ime - Time e2lapsed from tae start of messaye
placement on tihe loop until it is received at its destina-
tion and removed from the loop.

3. Tfotal Message [fransmission Time = Sun of qu2ueing and
transmission tiwmes.

4.1.3 System Description Ine following characteristics apply to
tile Neltwork:

1. fhe network consists of six nodes.

2. Messages are generated randomly at eacn node and uniformly
addressed to the otiner five nodes.

3. A mnessdage consists of 1 packat. Each packet consiscts of 3o
cnaractars,
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4.2

l.
2.
3.
4.

Je

6.

In the Pierce loop, fisked lengtn slots "circulate" around
the loop. A lead field of tnhe sloc indicates whecher or not
tne following frame is occupied. In tne absence of a mes-
sagye, a host may insert a messayge (or portion thereof) into

tne availaple slot.

3 E k//
N\ <

E: Empty
0: Occupied

Figure 32, Pierce Loop Diaygyram

Preliminary Analysis

AISIM is applicable to tnis problem., Message comnunication in a
loop network can be described by discrete events., The discrete
events of interest in the loop communication are tune following:

Message created at a node.

Message gueued at origin for slot.

Start slot transmission on loop.

Slot received at loop interface unit.
3lot routed to next loop interface unit,

Message received at destination, processed and eliwinated,

Eacn of tnese events can be wmodelad by procedural operacions.




dany slots circulate on tue loop siwmultaneously. 3lots are pro-
cessed in parallel at nodes.

R230drces in tne system consist of node processors, node storage
buffers, and channel connectors between nodes,

ne incidence of wessagyes introduced incto the systenm descrioes
tiie external loading.

A loop is a subset of an interconnected network arcaitecture.
BEacin node nas exactly 2 connectors, eacnh to adjacent nodes in tae
architecture. Communication is implemented in only one direc-
tion,

4.2.1 Proolem Definition The elements to e analyzed in tae
loop communication system can be grouped into two categories.

The first addresses unidirectional message comunicacion from any
source node to any destination node around tne loop tanrouyn tne
loop interfaces. dere the model will represent random
occurrances of messages in tane system at source nodes, to be sent
arpitrarily to nodes in the loop. This nign level approacn will
Jenerate tarougaput statistics on mmessayges based on tne inter-
arrival rates of messayes. Processing and gueueing for proces-
sors and caannels will be represenced.

The lowar elements of this system -- slot syncnronizacion, slot
processing, and message buffering will be represented in tne
extended imodel,

Altnougn basic to loop comwunications, varying message lengths
will not be addressed. 1[It is assumed that the Loads representing
tile axternal environment of the system take into account tae
software wnich assembles and disassemnbles messages.

4.2.2 Definition of Jbjective

I'ne opjective of modelling the loop communication network is to
produce yuantifiaole results for the performance measures in tae
System description., T[ae model will be built first to satisfy tae
nign level elements of tne system described in tne problem defin-
ition (unidirectional loop architecture, random message load).
Tne model will be extended to include the lower level elements
(slots and messaye pbuffering).

4.3 odel Build

4.3.1 Desiyn, Plan and Construction of the sodel

4.3.1.1 Model Design A two-step approach is used to design tae
model pased on tae two categories of wmodeling proolems identified
in tne problem definition. Ine preliminary design maces use of
the mmessaye routing submodel descripbed in Example 1. Tae choice
of tnis submodel at tuis cime is based on experience tnat it is
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X 2asier to start frowm sowe known model than it s to start frowm
scraten 1f it looxks like the elements addressed are similar
enougn. Unidirectional flow and random orijin and destination
nodes fit tue message routing submodel assumptions.

| SCENARIO |
|
trigyers
|
| LOAD | Select source node
|
trigyers
[
| GEN-MSG | Select destination

——emcmem—m——= node
i
calls
|
———=——m——==- route message
| REQ-1/0 | from source to
~——w——e—e—ea—ee- destination

4.3,1.2 Model Implementation Plan The sequence for constructing
tne model of the Pierce loop communication network is described
below:

: 1. Define Pierce loop architecture.

2. Interface messayge routing submodel (frowm Example 1) to loop
model,

3. Build generation Process(es).

4. Verify message routing submodel on loop arcanitecture.

5. Define system parameters and full loadinyg.

L 6. Analyze nign level loop model.

. 7. Desiyn lower level 2lements into wmodel (slots and buffers).
3. Build models of lower level elenents.
3, Verify new network model.

Analyze results.
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1.3.2 Define Pierce Loop Arcnitecture Defining tue pPierce loop
arcaitacture for 4 31X a0St Network 1s a straigatforward task,
Baca nost and loop interface unit can ve represenced oy a node.
fnis asswres tnat loop intarface units are anmbedded in nosts and
not a separate aardware elenent winich needs to oe addréssed as a
nacwor< element. Tnls is reasonablie based on the information in
tae systew description. Eacn node nas two links representing
communications cinannels to adjacent nodas. The lejal patah taole
for tnis network describes tne directional flow of messages.

HOME = LEFT 3, UP 1)

Figure 33, £xample 2 Loop Architecture
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o FROM O NEAT LINK FROM TIJ NEXT LINK
N B8l 82 32 8132 34 31 85 8485
hS Bl 33 32 8132 34 32 35 3485
o 31 84 82 Bl32 34 33 35 8485
- 81 85 32 Bl82 84 B85 B85 3485
5 31 86 32 3182 B4 86 B5  B485
{1- 82 3l 33  B283 85 Bl 36 3536
v 82 383 33 3283 85 B2 86 8586
w0 82 34 B3 8283 85 383  B6 3586
- 82 85 83 B283 85 34 86 B586
: 32 86 83 B283 8BS B6 B6  B536
o 83 Bl B4 B384 86 Bl 31 B631
2 83 82 84 8384 86 82 Bl 8631
- 33 34 B4 B384 86 B3 Bl 3631
Y 83 35 34 8384 86 34 Bl 3631
R 83 436 34 8334 86 BS Bl 863l
ﬁ Figure 34. E£xample 2 Legal Path rable
»

4.3.3 Interfacing Message Routing Submode to Loop
Mmodel Including the message routing submodel in the loop model
1s done by mmerging the entities developed in Example 1 for mes-

) .

N saje routing, tne Item M3G, tane six Processes, the Actions, and
o global variaoles, into a loop model. Tnis is done witn the AISIM
N Library User Interface. The message routing submodel is inter-

faced to the loop model by defining the Rasources to have tne
attributes addressed in tne Processes and defining tne Processas
& wihich invoke ReQ-1/0.

J
‘-

4.3.4 Process: GEN-MSG A Process which controls the generation
! of wmessages determines source and destination nodes for eacn mes-
» saje and indicates a Process to be initiated at tne destinacion

node to nandle tne messagje. Processes can be oriented in a nec-
b work througn the NODE fields of a Load entity. This is a natural
\ mecnanism for determining source nodes for messages. [I'ne2 source
\ node is tne node which executes the messade generation Process.
?

There are many strategies wnhich can be considered for tae loygic
to determine destination nodes for messages génerated at a source

.3 node. For economy in effort, a good approach would be to define
A a single Process which would execut2 in all nodes and distriobute
v messages to all otner nodes uniformly. This can pbe done by defin-
L{: ing an ALSIM rable, indexed by a random inceger, wnicn evaluates
MY

to tne name of a node in the Architecture. TIne definition of
tnis fable is snown below:

-N
\.
)
,11
»
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WX
L
- TASLE NAME: NODE-IBL TYPE: A
:'_-.': VESCRAIPIIVUN: TABLE WITH NAME OF EACd NODE [0 32 ACCES3:LD
RANDOMLY
{1 X-VALUE  Y-VALUE
¢$ U 31
':\‘ 1 82
.;;J 2 B3
Y 3 34
N 4 85
2 5 B6 .
el .
N Figure 35. Example 2 NOD&-TS8L
\."..
nay To use tnls lable, a Process selects a randoan fraction, scales
woe tne fraction to tne nunber of entries in tne Taole by wultiplying
. and truncaces tae product to matcn an A-VALUJE in tne lable.
<. These thnree transformations are done using the EVAL Primitive.
IS Since the message yeneration Process can axecute in all nodes, it
Y is necessary to cneck if the randoimly selected node is tne source
N node. If so0, anotaner node must pe generated. This tecanigue for
e Jenerating uniformly distributed selections from a range of
e values 135 standard practice in simulation.
>
RN
(o The wessage generation Process, GEN-MSG, triggers tne inicial ‘
:ﬁ: Process in tne message routing submodel, REQ-1/0, wita tae
e parameters to Jenerate a messajJe and route it to a destination.
-\',-.’ i PROCESS INITIATING ALL MESSAGES FROM A HOST TO ALL
E e~ Py pegspn—
:'; ' / STQRT\’ L
R o L
DY ] \ conss [ w
k.0 ! 3
|‘ i Ly ' B
IF i SCNODE !
A " I 13 asstenen 1o |
NN o [CURRERT | :vprcaTe aND cAve cvoDE
-, b i)
o D e k4
.- R b " CREATE
23 A
o oI : INTRODUCE WEY MESSAGE
' T ————————————— i
y [ :
b E '.M
z i ; 38 *g
0 ‘ | IS assISNED TO
) ks us L£%7H |
1Y, o o ==t 7] INDICATE MEIIASE LENGTH
- .
vy ..Q [ P N
3, : ,_g____‘_"T
) 19| evcsars neare .
. L] ACAIN SENERATE DESTINATION NODE 1
)
e N
P .
b CHANCE  =PRANDOM
N :95'
L ZELECT A RANDOM FRACTICN
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i\ bl PROCESS (NITIATING 2LL WEIZAGES FROM A HOST 70 ALL
= b [THANCE  =mULT{PLY]
w - L CHANCE |
. P L 3.9 ! SCALE TO WUNBER OF NGDEZ
-': i i i
N ! i IDHANCE = INTESER -
- 8 i CHAMCE ‘
L P ’ . TRUNCATE TO INTEGER
H t
i .
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24 Figure 36. Process GEN=-MSS
4
4.3,5 Verifying tne Message Routing sSubmodel and Loop Jodel
Y g
& 4.3.5.1 gingle faread Scenario and Load A single taread
D Scenario, [ESTl, initiates one instance of GEN-M3G at node 3l. A
) ' .
] trace is Jenerated to follow tne seyuence of transactions for tae
' messade to determine if the message is properly routed to its
¥ destination,
k7
4
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SCENARLD NAME: [ESTLl PERIOD LANGTd: &0
DESCRIPTION: SINGLE THREAD T£5T CASE FOR PIERCE Loor

PERIJDS

1

PRISGER 3Cd TIME PRIORITY
Loabdl U U
TRACE 0 U

LOAD NAME: LOADI1

DESCRIPTIION: GENERATE 1 MESSAGE AT NODE 1 AFTER 1 5coCoND
NODE
81

PROCESS MAX # SCH MTD MEAN DELTA PRIORITY
GEN-MSG i INTERVAL 1 0 U

Figure 37, Example 2 Single Phread Scenario and Load

4.3.5.2 Single Pnread Trace T[ne single tnread ctrace of Process
execution snows tne seguence of Processes routing one message
from node Bl to its destination. The Process, REC-MSG, i3 exe-
Cuted at tae destination., The trace verifies tnat tae correct
sequence of Processes occurs.

T= 0. N = HOME P = TRALE TRACE: OH

Ts 8. N s NONE Ps TRACE END

Ts 1.00000 N = Bt P= GEN-MSG  START

Ta 1.00000 N = B Ps GEN-MSG  CALL REQ-1/0
Ts 1.00000 N = B! P= GEN-MSG  END

Ts 1.00000 N = BY P= REQ-1/0  START

Ts 1.00000 N = B P= REG-1/0  CALL ESR-CALL
Ts 1.00060 N = B1 Ps ESR-CALL START

Ts 1.00000 N = B0 P= ESR-CALL CALL ROUTER
Ts 1.00000 N = B1 Ps ROUTER START

Ts 3.00000 N = Bi Ps ROUTER CALL CHLIO
Ts 3.00000 N = BI Ps ROUTER END

Ts 3.00000 N = Bt Ps CHLIQ START

Te 3.00000 N = B1 Pe CHLID ALLOCATE B1B2
T- 3.00000 N = BY Ps ESR-CALL END

Te 3.00000 N ¢ B0 Pe REQ-1/0 END




S

. .

.,
b Te 31.00000 N = B2 Ps CHLID DEALLOC -B1B2
. Te 31.00000 N = B2 Pe CHLIO CALL IHANDLER
& ‘ Te 31.00000 N = B2 Pe CHLID END
{ Ts 31.00000 n = B2 P IHANDLER START

. Te 31.00000 N = B2 Pe [HANDLER ALLOCATE B2
s Ts 33.00000 N = B2 P= [HANDLER DEALLOC B2
o Ta 33.00000 & « B2 Pe IHANDLER CALL  CHLIO
- Ts 33.00000 N = B2 P [HANDLER END

. Ta 33.00000 n = B2 P= CHLIO START
- Te 33.00000 n = B2 Ps CHLID ALLOCATE B2B3
- Ta 61.00000 N = B3 P= CHLIO DEALLOC B2B3
- Ts 61.00000 N = B3 Ps CHLIO CALL [HANDLER
- Ta 61.00000 N = B3 Ps CHLIO CND

Ta 61.00000 N = B3 P= [HANDLER START
T 61.00000 N = B3 P« IHANDLER CALL  CONTROL

o T= 61.00000 N = B3 P« IHANDLER END
x Ts 61.00000 N = B3 P= CONTROL  START

3 Ts 61.00000 n = 83 P= CONTROL  ALLOCATE B3
35 Ts 63.00000 N = B3 Ps CONTROL CALL  REC-MSG
» Ts 63.00000 N * B3 Px REC-MSG  START

x Te 63.00000 N = B3 Ps REC-MSG  END

~3 Ts 63.00000 N « B3 P= CONTROL  DEALLOC B3
N Te 63.00000 N « B3 Ps CONTROL  END

e

")

~

N

N

~

o

':'l

A

4

X

B \.

b

"”" -

R - ' Figure 38. £xample 2 Single lhread Trrace
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e 4.3.5.3 Multiple Inread Scenario and Loads A reasonapnle wmulti-
.}H Ple tiread Scenario for verifying tae model initiates 51X mes-
A 3ages, shimultaneously, one at eaca nost node. AS tiae Messadas
Y circulate around tne loop, it 1s possible to trace tue sequence
{1 of events and detect Jueueingy. The slhimulation results produced
e snould pe verifiaole Dy the trace output., The selection of cnis
- Scenario is based on thne oojective of defining a small experinentc
N wilcn can be nand verified if necessary in order to prove tie
-l wodel 1s executing correctly.
! SCENARIO: TES[2 PZRIVD LENGTH: 60 -
\:; DESCRIPTION: MULILPLE THREAD 3CENARIO TEST
R PERIJDS: 1
jﬁ' CALLS: TRIGGER SCH TIME PRIORITY
3 STARTB1 0 0
. S TARTB2 0 0
LI STARTB3 0 0
o STARIBY 0 0
A S PART35 0 0
N STARIB6 0 0
bt TRACE 0 V)
hY
- LUAD: SIARTIB1
o3 DESCR: SINGLE OCCURRENCE OF GEN-M5G Al 31
ﬂi¢ NUODEL NODE2 NODE3 NODE4
rod B8l
w .
g :
': NJIDES NODEG NODE7 NODEZ
)
e PROCESS MAX 4 SCd MTD MEAN DELTA PRIORITY
— GEN-MSG 1 START 0
A
o
:% Figure 39. Example 2 Multiple lhread Test Case
g
- Loads STARI32, STARIB3, STARTB4, STARI35, and STARIB6 are siwilar
R to STARTB1l except in the name in tne NUDEl field.
4‘\-
ﬁg 4.3.6 Full Loading Scenario Simulation runs of tae Pierce loop
s N2LWOrKk are rejuired to Jenerate response data for varying wmean
> inter—arrival times of messages at modes. A full loading ]
N scenario specifies for each node a load wnicn inictiates tne gJen-
~ eration of messayes, distriouted over tiame by an exponential wean
o incer—-arrival rate. [his models Poisson arrivals, i.2. randomr
$§= message Jeneration, )
S
:F An exXairple of a full loading Scenario, generating messages expon-
L entially discriouted witn a wean inter-arrival time of 24U
;{ seconds at eaca node i3 saown in the accompanying figuare.
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SCNEARID: RUN24U PERIOD L3ENGId: 240
DESCRIPTION: SIX NOOE PISRCE LOOP WITH MESS5AGSS EVERY 240
Secs.

PERIODS: 1 2 3 4 5 ) 7
8 9 10

CALLS TRIGGER SCd TIME PRIQRITY
LOADS1
LOADB2
LOADB3
LOADS4
LOADB5
LOADB6

ccCccCcccc
ccoccocc

LOAD: LOADB1
DESCR: MESSAGES AT SOURCE Bl EXPONENTIALLY DISTRIBULED 3Y¢

C.ARRIVE
PROCESS MAX # SCd MTD MEAN DELTA PRIJRITY
GEN-MSG 10000000 EAPONENT C.ARRIVE U

CONSTANT: C.ARRIVE
VALUE: 24U
DESCR: MEAN INTER-ARRIVAL RATE OF MESSAGES IN SECONDS

Figure 40. Examaple 2 Full Loading Scenario and Entity
Definitions

Loads LJADB82 throuyn LOADB6 are defined similar to LJOAD3l. The
Constant C.ARRIVE is used to specify the inter-arrival time in
order tc make cnanging this value easier.

4.3.7 Ex«tending tne Model to Include Slots and pBuffers [Iae
model descriped so far represents tne Pierce loop architecture
and functional processing. It is easily pbuilt. Using AISIM, tae
Pierce loop model can be built and running wita just a few nours
of work. UInis is made possible by making use of the messayge
routing model developed in Example 1, which performs muca of tae
logic for the loop model. As yet, tne model does not include
one-to-one reapresentations of some of tie lower level elements in
tne Pierce loop communication, +Ynese include tne message slots,
node ouffers and slot synchronizing wnicih are important parts of
tais cowmmunication protocol. To include tnese elements in tae
model, tne model built so far can be wodified.

Pne first proolem witn modelling slots and buffers is to decide
what AISIM entities nave dynamic cnaracteristics wnicn map to
tiese alanants., Trhis is not as straigatforwara as wita tne loop
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- interface units and cnannels wnicn clearly can pe identified as

-\ C
S Resources.
DY Slots are a type of resource in tnat a slot is eituer occupied or
{1 eipty. Messages wait for empty slots. But slots also nave a
e nysical locacion in tne network wnich changes over time, Tlae
Y6 . . . \J Y
?ﬁﬁ can e viewed as transient elements waich are normally
Qﬁz represented in AISIM by [tems. Tnz2 cir:alaticn of slots is tae
ﬁ{x imosc fundamental characteristic of tiis element so it is pesc t©o
X . 7 .
0 consider slots as Items and nandle utilization of tne slots (nor-
! mally associated wicn ALSIM Resources) witn some other .nachaniasm,
=N _ _ .
o faere is a similar problem witn modelling buffers. Buffers ara
e implemented using a Resource which is scorage. Buffers are
i?ﬁ ordered nolding areas for messages, taouga, S0 taey can be viewed
a a3 ALSIM user-defined Jueues., [ne sacond view i3 tne irore
—an natural one so it is selectad.
e
- o .
- Tae two decisions for modelling slots and puffers anave tae fol-
o lowing implications on tne model of tne Pierce loop.
) 1. Slots circulate around the loop. Slots contain an attridute
3 waich identifies tne current node a slot is at. Initialiy
3 slots must be given a current node and started circulating.
)
-\'-‘ . .
},11 2. Slots contain messayes when occupied,
[ R
1o
' 3. Waen slots are empty, a messaje can be removed from a nost
” buffer and placed in tne slot.
o
= 4. Slocts are received at nodes and forwarded to tane next node
~ .\
N on tnhe loop.
“he 9
T

. 5. All messages generated at a nost are placed in tne nost's
. buffer.

From tnis use of functions of the Pierce loop systewm, it is pos-
5iple to identify four AISIM Processes to define.

= STARTUP - [fhis Process is executed once in every node at tiae

Ry start of tae simulation. SPARIUP models creating a slot and
:{B initiating its circulation around tne arcnitecture.

:‘:P"J

Qﬁﬁ GEN-MSG - [nis Process executes in every node and mnodels

N Jeneraction of a wessage, determining tne destination node

for tne message, and filing tne messaye in tie buffer asso-
Ciated witn tine node.

?:‘ FORWARD ~ Tilis Process models woving a slot frowm one node to
§i5 tile nest node in tne loop and interrupting the receiving
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REC-SLUOT - Inis Process models tne logyic of tne node loop
interface unit wnen a slot 15 received., [f tae slot is
occupied and tne messaye is destined for tae receiving node,
tne mressage is processed. I[f tne iressage is for anotaer
node, tae slot is forwarded. If tne slot is ampry, a messaje
is placed in tne slot if one is waiting and tne slot is for-
warded.

The Process FORWARD performs tne logic done by tne wmessaje rout-

. ing processes. [t would be possible to wodify tae message rout-
ing Processes to route slots and this would be one approach.
Anotner approach wnica could be considared is to redo tne message
routing waking use of some characteristics of loop architectures.
Mnis second approacn is snown for comparison purposes.

The structure of tne loop nodel using slots and buffers is shown.

| SCENARIO |
/ \
triggers triggyers
\
create slot ===—=w—me——e = —s-omo—o——-—- selact
at node | START-UP | | LOAD | "source
———mmmmm————- | mmem——e——— - node
I I
Jiven call trigyers
slot | I
move slot —————e—————— | —eee——e—eee - Create
from current | FORWARD | GEN-MSG | msg at
LIiU to next =—=—————====- = =—=———————=- - node
LIUu I
given calls
slot |
raceive ————————————
at next LIU | REC-SLOT |

given calls
slot |

| FORWNARD |

figure 41, Example 2 Structdr2 Witn SLOTS And BUFFERS

4.3.7.1 Entity Attributes [o support tne flow of the Processes,
it is necessary to define attributes for tne slots and loop
interface units. Ihe attributes are referanced in tihe Process.
gaca slot [tem nas tnree attributes descrioed below.
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- SNTITY ENLLITY ATTR AlIR

- TYPE NAME NAME VALUE DESCRIPTION

"

[rEM SLor Item representing slot.

{

¥ CNUDE $CNODE fhe node name waere eacn

N slot is located at any

.: timn=,

i

o LENGTH 36 Phe size in characters
of eacn slot. -

- MSG 0 or If tne slot is occupied,

- MSG this attribute contains

N an Item, M5G. If tne

- slot is empty, tuis
attribute is 0.

A

An alternate mecnanism for routing slots around tae loop utilizes
™ tne NEAT attribute defined for loop interface units, nodes 31
tnroudu 36. [nis approacn simplifies the model by taxking advan-
tage of :tne uni-directional flow of slots. This approacn means
tnat tne Architecture and Processes can not be made independentc.
Changes to tne Arcnitecture to model more or less nodes on thae
loop wiil need to be accompanied by tne definition of loop inter-
face unit node attributes. In the example below, tne attribute
dafinitions for node Bl are snhown. BUFFER1l is tne Queuda associ-
> ated wita 8l for nolding messages prior to putting taem in slots
on tne loop. B2 in tne NEAT attribute indicates tue neit node to
forward slots from Bl. ‘

' ,
RN
a2t

o

DEY

e

ENTITY ENTITY ATTR AT IR

K] LY{PE NAME NAME VALUE DESCRIPTION

l"
ff NOVE Resource for node repre-
S RESOURCE 31 senting loop interface
b unit 1.

ay BUFFER J3UFFERL Talis attribute is tne

> nane of the buffer

", associated witn Node

o

\A dl L

‘\ -
’ NEXT 82 Fais atctribute is tae

s, nane of tae nett node

e in tne network to cir-
ﬁ culate the slot to. )
" )
D3 M.R0UTE 0 Delay time to route a

i slot. Assumed to Dpe

N zero.

o

Tt

:\
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SEC/CHR PRUCRAIE Processing rate of tae
node processor In sec-
onds/cnaracter,

4.3.7.2 Process: SFPARTUP The function of tne Process STARIUP i3
to create slots at an origin node and initiate the circulacion of
thein around a loop. Since each slot contains an attripute,
CNODE, wnicih contains tae name of the npode at wnich tine slot is
resident, .the attribute is initialized to tne current node wicn
the $CNODE Keyword.

Fne Process STARTUP is initiated at the beginning of siwmulation
and represents tne system dgeneration function.

{ INITIATE SLOT CIRCULATING ARQUND ARCHITECTURE
1
A START \ ~
5 STARTUP NG
i B—
Ll 7
Q!
! Lot \CREATE
;32 /"
A / INTRODUCE 3LOT AT CURRENT
!. Al
! $CNODE
3 IS ASSIGNED TO
3 SLOT___ CNODE | sgy CURRENT 5LOT RDDRESS
| \
| SIVEN AL RETURN
L 13LoT
a4 T FORVARD
! NOVAIT 19
‘35 < f‘]] ]
i

Figure 42. Example 2 Process STARTUP

4.3.7.3 Process: FORNARD Procass FORWNARD is a simplification of
tae logic for routing over tyhe Processes used in example 1.
fnis Process is simplified by taking advantage of the loop con-
scraints, wanich are tnat flow from any node to anotner only Joes
in one direction to adjacent nodes. Similar logic in FORWARD is
used as in CHLIO. Tne current node of tne SLOT is deterinined
from the SLOT attributes. The next node on tne loop is deter-
mined from tie NEXT attribute of tne current node, T[he connect-
ing chnannel is determined by tie FLINK keyword and the SLOT is
transmitted across tne cnannel, At tae next node, the current
node attribute of the SLUOI is updated and tne incercfupt Process,
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oy | FORVARD A SLOT TO NEXT HOST USING CHANNEL LOGIC
s GIVEN ) RETURN
S L START ALL ‘,
i FORVARD NO
" _
SLOT  CNODE !
k) IS |
) f\: 0 ‘cms::ssxsucn T0 |
R SET CURRENT NODE ;
*::": : !
-, SCNODE  NEXT ‘
8 IS ASSIGNED TO
o NXT.NODE SET NEXT NODE TO DEST N
S
NN y
R SLINK  NXT.NODE |
534 P IS RSSIGNED TO !
Lo CHANNEL SET CHANNEL TO NEXT NODE
Is
Y : W R
e /
R ] ./ ALLoC
OBTRIN CHANNEL FOR X FER CHANNEL
Vo \
' CHANNEL  RATE
. IS ASSIGNED TO
A A 2
) VSPEED WHAT IS RATE IN BYTE/SEC?
.- sLoT LENGTH
A IS ASSIGNED TO
. a7
. YLENGTH WESSACE LENGTH IN BYTES
RN N \
iy . M. OVHD =MULTIPLY
N 5 VSPEED
N YLENGTH CALCULATE TRANSFER TINE
et
) <FER.ON
MR 49 CONSTANT
- VSPEED DELAY DUE TO TRANSFER TINE
s \
N
N INXT .NODE
b 8 IS RSSIGNED T8
- SLOT _ CMODE | 5ior  RESIDES IN NEXT
3 v
:;‘.u‘
o
.. Figure 43. Example 2 Process FORWARD
e
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K, 45
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| e
SPOR AR

PSR

e

-

jl

Fla"y

P u s

I } 'NXT .NODE
i I3 ASSIGNED TO
1444
P (SCHADE SET INTERNAL NODE PESIITER
i Y
| S
| DEALLOC
12! / !
'FREE UP CHANNEL AFTER ¢FER CHANNEL
i
5 .
SIYEN CALL PETIPN
1 Lot REC-SLOT
NOVRIT [0
\
" { END

Figure 43. Example 2 Process FORWARD (cont'd)

4.3.7.4 Process: GEN-MSG Process GEN-MSG represents tie
activity at a nost loop interface unit for wmessaje nandling.
Messages are introduced at tne nost loop interface unit and a
destination node is selected by random sampling from tae WNIODE-
T3L. +ne buffer at tne nost is determined and the message is
filed onto it by a first in-first out discipline. Tne logic of
this Process is somewnat mrore complicated tanan in the instance of
tue Process used in the higyan level structure.

PROCESS INITIATING ALL WESSAGES FROM A HOST T3 ALL
a
|
f
$CNODE 0
2 IS ASSICNED TO
CURRENT INDICATE AND SAVE CNODE
A\
‘ ! nse \ !
Py \CREATE
'23* | ,\
i\.‘ J INTRODUCE NEV NEZZRGE
! o

Figure 44, Exarple 2 Process GEV-1SG
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TLOTSIZE :
I3 ASSIGNED 10
nss LENGTH

Y

\
=RRNDON

CHANCE

T

ICHANCE  =mULTIPLY
CHANCE
6.9

»

CHANCE =INTEGER
CHANCE

TNODE  =MODE-TBL
CHANCE

A TRODE

/Il AT S I A A M ) e e e WA At iR A MEAALAIL AL AN ML ot g il Ui A e i

INDICATE MESSAGE LENGTH

GENERATE DESTINRTION NODE

SELECT A RANDOM FRRCTIQN

SCALE TO NUMBER OF NODES

TRUNCRTE TO INTEGER

INDEX NODE TRBLE WITH FRAC

S/ TN

CAIN

SCNOBE /

TNODE
IS ASSIGNED TO
nse TNODE

2
\

$CNODE  BUFFER
IS ASSIGNED TO

BUFFER

-

Figure 44,

Page 3o

SELECT ANOTHER JEST NODE

SET DESTINATION NODE

DETERMINE BUFFER FOR nS¢

Example 2 Process GEN-MSG (cont'd)

i ol




| )

CURRENT  BUFFER
3 IS ASSIGNED TO
BUFFER INDICATE CURRENT BUFFER
872
/ FILE}-—-\\‘\\
" nSe LAST

ON BUFFER NSG WAITS FOR EMPTY SLOT

1S

Figure 44. Example 2 Process GEN-M5G (cont'd)

4.3.7.5 Process REC~-SLOT Process REC-SLIOT is tne most compli-
cated of the loop system Processes beCdause it must represent tae
loop interface unit logyic for message nandlinjy. [nere are two
functions wnicn must be performed--message sending and nessage
receiving., [he logic for botn functions is descrioed in tae fol-
lowing cases.

Case 1. SLOT Occupied - If the message is destined for tne host
associated witn the current node, tne ressage is raewoved
from tne SLOT and processed. The SLOT is availaoie for
inserting a message if tie buffer has one. If tiae wes-
3age is not destined for tne host of tne current node,
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the SLUT i3 forwarded to tiae nest node on tae 100..

Case 2. SLUT Not Jccupied - If tne SLOT does not auve a Message,
one can be inserted from tane pbuffer assoclated wita tue
current node loop interface unit. In eltner case, tae

SLIOT is forwarded on tne loop.
h | RECEIVE SLOT AND PROCESS NESSAGE AT LIU
‘ GIVEN FTTYT RETURN .
. [um (STQRT\ ALL
- ol
e REC-SLOT )
I.‘.~‘
‘.:.' \
s SCNODE
: 82 IS GSSIGNED 70
- CURRENT SAVE CURRENT NODE NANME
A
N Y —
> / 4
& ” — ALLOC
3 ' JUEUE aND RECEIYE NODE . $CNODE K
35 ~IF cRup/ SLOT M6 \
:}; . [" ‘,_: IF TRUE,\ £e /\
2 CHECKBUF .2 /" DETERMINE IF SLOT OCCUPIED
= \
SLoT . mse
P " IS ASSIGNED TO
‘~j nse INDICATE CURRENT WESSRGE
N
i,
\ CErr muc< nse ”Em”‘ >
e 9
FORWARD CURRENT DETERMINE IF WSC AT DEST
k! nse LENGTH
) o7 IS ASSIGNED TO
v LENGTH COMPUTE DELAY TO RECEIVE
W) \
- CURRENT  SEC/CHR
_ﬁ 2 15 ASSIGNED TO
- RATE GET CURRENT PROCESSOR PATE
X RECDELAY =MULTIPLY
' 0 , LENGTH .
_ : AT . JELAY=MCG LNGTHX PROC 9ATE
9;
) .
34

Figure 45. Example 2 Process REC-SLOT
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) RECHCS
~ . 19 CONSTANT
,i:.__« PECDELAY DELAY TO PROCESS MEZSASE
QA
o5 v .
Ly ns ’
e TESTROY e |
»\‘:j il /‘\ ||
5 INDICATE MSG PECEIVED \ /
g \
'y 0
.,.::“: 2 Lxs ASSIGNED TO
AL SLOT hse CURRENT SLOT NOW EMPTY
e RECEIVE SLOT AND PROCEZS MESIAGE AT LIU
o ~
‘::_\-.: 13 O'____ﬂ
e CHECKBUF CHECK ZEND BUFFER FOR %SG
‘} 1 \
s CURRENT  BUFFER
e IS ASSICNED TO
— BUFFER ACCESS CURRENT NODE BUFFER
oS /Ff#ovs Y
N 15 FIRST M6 )
SOy FPOM BUFFER / CHECK BUFFER FOR NEXT MSG
X 1F trug,/ "5 " "\\
S 16 g
%33 Forumn  \0 /" JETERNINE IF JUFFER EMPTY
Q) ;
—_ NSG
o 7 IS RSSIGNED TO
’!-._?4 sLot nse EMBED MESSAGE IN CLOT
".1:: ',
:‘d nse LENGTH
-] 3 IS ASSICNED TO
. | LENGTH COMPUTE DELAY TO ENBED ®SG
-~
i N
¥
i '.: -
e
3 :
i Figure 45. Example 2 Process REC-SLOT (cont d)
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PECEIVE SLOT AND PROCEZS WECIAGE AT LIU

£ 4 f CURRENT  EC/CHR |
e - 13 R3:IGNED TO

RATE ACCESS CURRENT NODE RATE

ENBEDTM =myLTIPLY
RATE

: k) .
2 s LENCTH ENBED DELAT=NTSLNTH X 2ATE

¢
- ¢
L i
. ‘

"1/

| EMBED
2t CONSTANT
[ENBEDTH JELAY TO EMBED METIAGE
3P

L

A

3

) I
FORWARD SEND SLOT T NEXT ~NODE

ey

oA

*ud Sy vty

.
2oy

SIVEN CALL PETIRN
oLer Py

; FORWARD

NOWRIT [0

S . DEALLOC
oy FREE CURRENT NODE $CNODE

N Figure 45. gZxample 2 Process REC-SLIT (cont'd)
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: 4.3.7.56 Scenario and Loads

ni- 4.3.7.6.1 Load: INITLUAD Load INITLJUAD initiates tihe Process

o STARTUP at all nodes in the arcnitecture at the start of tae
simulation, nis incroduces the SLOPS into tue system and starts
taew circulating.

.' "l

R N A

R LOAD: [NIFLOAD

R DESCRIPTION: SIARI SILOTS CIRCULALING Al ALL NODES
- NODE1  NODE2 NODE3  NODE4

S 31 82 B3 B4

F RN

E;?'.f NODES  NODE6  NODE7  NODES

~ 35 36

7

PROCESS MAX ¢4 SCid MTD MEAN DELLA PRIORITY
STARTUP 1 START U

Figure 46. Example 2 Load INIFLOAD

4,3.7.6.2 Load: LJADBl Load LOADBl represents tne initiation of
GEN-MSSG processes at node B8l. Instances of tne Process are
activatad exponentially distributed over time around a .nean time
of 275 seconds. [I'nis models random generation of wmessages.
Similar Loads are defined for all the host processors on tae
loop.

LOAD: LUADB1 DESCRIPIION: rdHLS IS THE LOAD TO GEZNERATE AT 3l

NODEL NODE2 NODE3 NODE4
81l

NJUDES NODEDS NODE7 NODES

PRICESS MAX # SCd MTID MEAN DELTA PRIORITY
GEN-MS3 100 EAPONENT 275 U

Figyure 47. Example 2 Load LJADB1

Af 4.4 Analysis of Results

4.4.1 Performance Measures TIhe B8 nodes in tne architecture
represent loop interface unit processors. Tine d nodes represent
nost processors. Tne channels are¢ modeled by resources sucn as
Bl32 wnich represents the channel between the loop interface unit
for nost } and tne loop incerface unit for nost 2. All octaer

", cnannels are similarly nawmed. Tihe perforimance statistics for
tnese entities are found in tne AISIM Resource Report.
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SN 4.4.1.1 Queueing lime Queueing time, descrioed in section 4.i.2
ﬁﬂm as tne elapsed time frow message Jeneration until placement on
Y - . . . .

", tile loop can not pbe obtained from tne wmodel using tae inicial

-
Id

;

.
-

e
<

approacin witnout slots and pbuffers. TIae imotivation for exctendiny
tie model was to optain this statistic. [n tae eXtended wodel
witn slots and buffers, tne siimulation results for Jueueing tiae
are found in tne Queue Report. BUFFERL tinrouyn 3UFFERS represenc
tne loop interface unit buffers for units 1 tnrouga 5 respec—
tively. TIne TIME IN QUEUE neading lists tne MEAN, STANDARD DEVI-
ATION, MINIMAUM and MAXIMUM times for tae number of samples taken
under [OTAL NJMBER REMOVED.

Polls
[ ]

WY
\n‘

X
a

r: 4.1;!"—..‘.'
W
a" a8

_\:,}

%ii- 4.4.1.2 Transmission Time [ae total message transmission tiae,
X wilicn includes gueueiny delays and transmit times, is found in
BN tue Item Report. The I[tam Report lists the MINIMUM, MAALAUM,

~ MEAN and STANDARD DEVIATION for tne TIME IN SYSIéd for messages.
Tnis 1s daccumulated under the Item name MSG. Tae nunber of sam-
ples In tne statistics are pased on tne NUMBER DESIROYED. Mes-
sagjes wnicn nave not been destroyad at the end of tne simulation
are not counted. Botn the initial model and tne extended wodel
produce tnis statistic. Because the eLtended model witn slots
and buffers represented is at a more detailed level, tae
transmission time statistic is more accurate,

Ine 1loop tranamission tiwe, defined in section 4.,1.2 as tne time
elapsed from tne start of messaje placement on tne loop until tne
last cnaracter is received and removed from tne loop, is not com-
puted directly by tne model., No structure corresponding to tais
nas been built into the model. In order to yet tnis result, it
is necessary to eliminate yueueing and processing delays from tne
total time in system for eacn message. This can be done by hand
Calculation if this statistic is reguired altnougn total
transmnission tine appears to be a mora important resulet.

4.4.2 validating tine Model Some validity for tne model can be
obtained py cowparing analytic expected utilizations of nodes and
cnannels with simulation produced results. Since tane Load was
defined egually for all source nodes of messages, and destination
nodes were selected by a uniform discribution, results for all
cnannels on the loop and loop interface units are very close.
Analytically derived utilization for tne loop interface units is
2.916. [his is correlated closely by the AISIM MEAN ¢4 3USY
statistic for Resources 31 tnrouygn B6 wnicn vary from 0.029 to
J.033. Ucilization of channels is cowputad analytically as
3V0.548. Thne MEAN ¢ BUSY statistic for rResources 3182, B283,
B334, 8485, B536 and 8681 average 0.30.

4.5 Conclusions

Tae loop comnunication system snown in tnis example is very
effective in demonstrating some Key concepts of AISIM simulation
analysis. Using aucn of tae logic from the pravious example, it
was snown aow a model of a totally different system could be
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constructed very rapidly. The nign level wrodel could ceasily be
built in one interactive session. 3simulation results for tae
o System could be obtained within a matter of hours. The nign

level model represented tne arcnitecture, connectivity and Load
on tne system.

ﬁﬁ} ‘ In order to jain data on the lower level elements of the systen,
KR the logic of the model was extended to model SLUOTS and BUFFERS.
N fnis also could be accomplished rapidly once tne structure of tae
24 modal is laid out.
3&? Tecanigques used in this example for random sampling from a nunder
e of different nodes using a lable and using tne attrioutes of

RN Resources and [tems to nold data on relationships are applicable
N to many modelling problems.
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5. 8us Comnunication System Examrple

fals egawple uses bus tz2chnoloyy as the comntunications wedian.,

It i3 representative of a class of syscems tiaat deal wita wmulcti-
ple nosts comnunicating over a necwork. TInis example 1s intended
to study tne design cnaracteristics wnicn are ovasic to tnis type
of communication systen.

5.1 Input

5.1.1 Mission Concept Data is distributed among many nosts in a !
{‘?' network. Taere 1s a freyguent need for a nost to access data
N

resident in anotner nost's files., Rapid communication petween
hosts is effected by a digital comimunication network waica con-
trols communication and transinits data between the nosts on
demand. Full disk track transfers are typical of tne interaost
communication traffic.

‘ 5.1.2 Problem pPerspective A study of the following characteris-
e tics of bus cowmimunicatlons is basic to this systenm:

ek l. B3us capacity
£

e 2. Processor capapilities
s

'q.’

3 3. Bu4s Protocols

)

.‘J

4., Buffer Reyguirements

::R fne load on tais system can be viewed as message traffic waica is
b tne incidence of data reguests generated at tne hosts. Randon
&3 requasts would represent a worst case study for a specific inter-
-3 Jeneration rate, Data rejquest destinations from eacn host can be
\ distriputed amony tine nosts.
- R LY

,$' Tne followiny measurss assess tine performance of tne comnunica-
e tion system,

o
- l. Response [ime, Response time is tne time from tne end of
- sending the message to tne start of receiving tne response,
oY [t is tae user's wait time after sending a message and
g before receiving a reply. 1Included in response time are:
054 1) tne communication time petween tane end of tine input mes-
e sajJe and its receipt by tne destination processor, 2) tae
I~ processing time before transmission of a reply, and 3) tae
- communication time between the initiation of tae reply wnes-

V.o sage and its receipt by the user,

..‘

L™, 2. Communication Time, Comnunication time refers to tne time 1
oot reguired to transmit the message on the bus. Specifically,
a0 it is tiae time vetween end of sending tae message dy tane
. originating BIU to end of receipt of message by tne destina-
ﬁd tion processor, plus tne time between start of reply frow
3-\1
’Eu
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tne processor to start of receipt at the originating BIU.
Communication time is the sane as the response time witn tae
processing time removad.

3. Round Trip Time. Round trip time weasures the total dura-
tion of messaje transmission and processing from start of
sending tne input messayge to and of receiving tne reply nes-
saje., It is the user's total cycle time from tae time he
first starts sending uncil ne has received the entire reply.

5.1.3 System Description The interhost comnunications network
consists of two time division, multiple access (TOMA) buses., A
control bus contains the necessary information to control tne
interhost traffic. Data transfers utilize tae otaer bus, tie
data bus.

The basic elements of tne [DMA bus systam are
l. tne transamission mediun, i.e. tne buses;

2. tne bus interface units (BIUS) wnhich are tne elements waich
interface each device with tine bus;

3. the element wnici provides central control of bus opera-
tions, i.e. the network control element.

BEacih bus consists of a serial data strean. Inforimation is time
divisioned multiplexed onto the bus by arranging it in intervals
called time slots. Tne total capacity of the control bus is
sinared simultaneously by the hosts and the network control aele-
iment by allocating sets of time slots dynamically. TI'he time
slots are seguentially accessed. Each nost plus tae network con-
trol element is assigned a time slot. A complete cycle of slots
is callad a frame. A portion of the control bus is allocatad to
eacn nost and tne network control element for wessage transimis-
sion,

Phe data pbus is divided into fixed slots of 512 bits. The slots
on tne data bus are not preallocated. The entire data bus is
allocated for a given transmission bectween hosts.

Tne message communication protocol for communications between
nosts is descripbped by the following seguence.

1. dostl places a "Data Reyuest" message in a queue for a con-
trol message output buffer in the dostl 3IU.

2. WAnen a buffer is available, tne reguest message is Jueuad
for tna channel and then transmitted to tne BIU.

3. 1Tue BIU places tne reguest m=2ssage in a preassigned slot on
the control bus and tihe message is transmitted to tne dost2
s8Iy,
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Ny
AN
}l: 4. Tae dost 8lJ Jueues tne reyguest wmessage for transfer to cae
AN dost2 processor.
.:\'.:\
R 5. Tne dosc2 B8IU sends a message acknowledyaenc co tane dostl
" 8lU on the control bus.
e 4 .
i}} 6. dost2 processes the reguest messaje (50 s processing tiae).
N
o ‘b' .
ibf 7. Tne dost2 readies tne data message and Jueudes it for tne 3[J
"y data ocutput buffers (2).
L
_ 3. wWuaen the buffers are available, tne first portion of tne
' message 1is gueued and transferred to tne s8IU.
‘ 9. TI'ne 8IJ sends a "Bus Reguest" pessage to tne NC2 over tae
control bus reguesting use of tne data bus.
‘:: lU. Tne reguest is yueued and processed by tne NCE, whicn
3&{ assiyns the data input buffers of the dostl BLU to tae reaply
o 3IU when tney become available.
AN
W ll. Adaen step lu is completed and the data bus becomes avail-
o able, tne NCE sends a "Bus Grant" message on the data bus to
‘-'_'\" <
oY tae dost2 B8IU.
-~
Ly )
iﬁ 12. Upon receipt of tne yrant, the Hosc2 31U begins sending tae
ol message (443 data bits per slot) to tine dostl 8IU over tae
) data bus. Tne 3IU buffers are togyled at botn the sending
. and receiving B8IUs.
t:.x] .
$§§ 13. 4Anen tne data message transfer nas been completed, tne dostl
A BIU sends an "Acknowledjment" messaye to tie dost2 3IU and a
N - "Bus Release" message to tne NCE. d8otn messages are sent
\ over tne data bus. [he dost2 tnen releases its 3IJ data
o) output buffers.
., 4
e 14, Taoe NCE Jueues and processes tne "Bus Release" message and
952 releases tne data bus for otner users.
ety ot
15, parallel with step 12, the Hostl B3IU queues and transfers
vy eacn buffer of tihe message to its nost.
58
) 16. Wuen tne last dostl 3IU input buffer nas peen transferred to
%{3 its nosc, tne 3IU sends a messayge on tine control bus to tae
g NCE telling it co release its data input buffers.

d 17. Tae NCEZ Jueues and processes this message and releases the
X dostl data input buffers.
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oS o .
RN 5.2 Prezlinminary Analysis
e
‘!\-i - . - . . . -
S 5.2.1 Justifying AISIM Simulation [he cnaracteristics of tae
“orr Dus system map into ALS[M entities.
Ly
Y l. Procedural Jperations - Tne seguence for transmcitting mes-
25 Sages and data odetween noscs is described in tue syscen
2 description. fuis is a structured, wvell defined seguaence !
AN winlicn is easily modelled by procedural logic.
LY
. 2. Parallel Processing - [he nost processors, bus incerface 1
unics, data bus and network control element function in
parallel,
3. Resource sSharing - Tne data pbus and networ« cor’ ol eledent
are snared between all nosts througn bus inter’ -e units,
] [ne snaring of tnese elements are yoverned by ne division,
.E mulciple access control.
y
‘N 4. gExternal Loading - Ihe loading on tne network . :scribed
LT by message traffic characterized by a message ¢ <2ration
e rate at eacin host. Messages are distributed to all nosts.
-33 5.2.2 Problem Definition [Cne most ilnmportant aspects of the ous
T comndnication system to model is tne interface between tae nosts,
‘Lﬁ tae ous interface units, the data ous and tine nectwork control
A element. All tnese elements in the system will be rapresented.
Me logic of each device is defined by tne bus protocol. Trlais
2 protocol will be represented as accurately as it is described in
« : N
bﬁ‘ the problem statement. Trhis includes data reguests, acknowledyge
o~ and control messages.
KOAS
AP Modelling tne arcnitecture of the network is of less importance
. DeCause tne network control element and data bus effect direct
Ko ) connections between all devices tanrougn tne bus interface units.
s
.
<
> . : . . . . . .
¢§ Pne pnysical cinaracteristics of tue devices will be parameterized
j&: by variaples. Tais applies specifically to the band widtn of tae
s buses, tne processing rate of the hosts and the processing times
for messayes at tne network control element,
WJuedeing and utilization statistics will pbe yenerated on tae host
processors, caannels between nosts and interface units, control
bus, data bus and the network control aslement,
Siwmulation runs define a distribution of messajes to be loaded
e into tine systam. Messagjes are distriouted by source. This is
C0) described oy matrices in tne accompanying figure.
%
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&,
f?. 5.2.3 Definition of Objective TIne ovjective of modeiling tav
S DUus comMunicatlon Network 1s to represent tae logic of ctae ous
o protocol accurately and guantify tne performance of tne comruni-
‘fi' cation pased on varying load wmixes,
{.
NN 5.3 Model Build
~s
N 5.3.1 Design, Plan and Construction of tune Mode] [ne seven aost
[$ case will be represented as tne system for tue purposes of demon-
= stracing this example.
{{- 5.3.1.1 Model Desiyn All Processes in tne model represent .aes-
.EH sagde nandling functions., For this reason, Item MSG will
~§: represent all .nessage types. Tne first step in tne design i3 to
o detaermnine tiae cnaracteristic attributes of tne Item MSG. Tae
b actrioutes of MSG will play a big part in tne definition of tne
e model Processes.
S
o~ . . . .
RN Every messagde 1s described by tne following set of attripbutes:
o
pL 5", .
iﬁ Attribute
=X Name Attribute Description
3 i CNUDE Tna current node in tne bus network wnich is
' processing the message.
Sl A nati
: DEST The destination node of tine wmessage.
v LENGd The number of cnaracters in tae message.
~l
L N
\:d JRIGIN I'ne source node of the message in the bus net-
‘1 WwOrK.
~ - IYPE The type of the message, one of the following:
N, data request, data message, acknowledge mes-
*t. sade, bus reyuest, or bus release,
e d
,A\ . . -
L3 fne top level structure of tane model makes up the initial model

» desiygn. Tae niyn level functions of the bus system are assigned
to AISIM entities Scenario, Loads, and Processes. '
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W ————————— -—--- Creates a message.
IData Reguest| Assigns message atcri-
g | Process | butes. T[ransmits
ﬁ% ------ -==----- message to BIU.
o I
2N calls
o |
——==———————--—~ R2Ceive and Process
|Process to | messages according to
|nodel BIU | type.
/ \
/ \
e e——— e ——— Receive ang
| Process | Receive and | Processes| process data
| to Model| process con- | to Model | messages,
| Control | trol messages, | Data Bus | transwmic data
| Bus | eransmit con- —————————— -— messayge
-=======-—== trol .nessages. |
| |
calls calls
I |
| Processes| | Processes|
| to Model | | to Model |
| BLU | | Control |
————— e ————— | Bus |
eyt - Figure 5U0. Example 3 dign Level Structure
)3 5.3.1.2 Model Implementation Plan Since the Architecture of tae
Ny - pus system is fairly siwple, it is not a yood idea to usa tne
Q message routing suomodel developed in example 1 wnicn is designed
s, for cowplicated networks. [I'he Dus communication system is con-
W siderably different from tne loop system described in example 2
= S0 it is not probable tnac any of tne component nodels fron examn-
. ple 1 and example 2 can be used for example. In this case it is
- Page 101
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necessary to build tne bus syscen wodel frow scratcu.

Tue most critical element of tne bus system 15 tne protocol
Detween tie devices, tne bus interface units, tne nectwork concrol
element and tne data bus. Priority is placed on puilding tne
Processes wodeling tne control loyic of tnese devices first In
tue plan.

Fae seguence for constructing tne model of tne bus comitunication
network is descrioed in the following steps.

1. Desiygn and construct Processes to wodel tae bus interface
unitcs.

2. Design and construact Processes to model the networ< control
bus. ‘Integrate Processes to the bus interface units,

3. Design and construct Processes to model tne data bus.
Integyrate Process into the network control bus wrodel.

4. Verify model on subset of arcnitecture. Define single
tnread 3cenario.

5. Build complete network architecture.

6. Define full loading and Scenario.

7. Verify complete network model.

3. Run simulations and analyze results,

5.3.1.3 Process: BIJ [ne Process BIU models tne logic of tne
bus interface units for all devices connected to tine bus. Tae
Process 8IU nandles all messagye types and performs a different

sequence of logic for each type. There are five different mes-
saje types nandled at tne bus interface unic.

l. Jutgyoing data reguest messages.

2. Incoming data rejuest messayes,

3. Bus yrant messayges.

4, Data messajes.

5. Acknowladge messages.

5.3.1.3.1 QOutgoing Data Reyuest Message dandling For outgoinyg
data reguest mnessades, the bus interface unit Jqueues tae message
for tne network control bus by placing tae message in an assigned
slot of tne bus. Tiais logic can be represented by passing tne

messagje to tne Process representing tiae control bus after a delay
for slot access. Tie AISIM primitives to do tais are saown in
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the accompanying figure,
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Figure 51. Example 3 Bus Interface Unit Logic For QJutgoing Data

Request Message

5.3.1.3.2 1Incoming Data Reguest Message dandling For incoming
data rejuest messayges, an acknowladyge message is sent to tne
requesting nost via the control bus. tnis is modelled by creat-
ing a second message, originating at tne bus interface unit and
destined for the host reguesting data. A Process SEnNDACK is
called wnicn will assign attributes for acknowledye messages and
transmit the message back by calling the Process representing tae
control bus loyic. Tne data raguest messagje is transmitted from
the bus interface unit to tne nost over the cnannel between taese
elements. A new messade is created by tne bus interface unit in
order to reguest the bus. Tnis message is placed in the sloc for
tne control bus. The AISIM primitives for tnis logic are saown
in the accompanyiny figure. '
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5.3.1.3.3 Bus Grant Message dandling A message frod tae Networs
concrol bus to tne bus interface unit 1ndicating a ous 4rant
2naples a data message to be sent over tuae daca bus. [ne accri-
buces of tne wmessage dre assigned to indicate tae origin and des-
tination of tne data wessaye. [t is reasonaple to determine tue
messaje lengtn at tnis time since it is randomly generated. rlae
lengtn 15 assiygned to tne data messayge and it is passed to tine
Process representing tna data bus logic.
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SQ; 5.3.1.3.4 Data Messaye Handling When a data message is received
at a bus interface unit, an acknowledje wessage is created and

¥ sent via the control bus back to tihe nost which sent tiae data.

Ol Anotner messaje is sent to the control bus to indicate that the

fﬂ data message is received and the data bus can e released, Tne

e data is transmitted from tne bus interface unit to tne host over

WY tne connecting cnannel., A message is then generated to cause tne
data message origin nost to release buffers.

# AELFRR,
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Figure 54, Example 3 Bus Interface Loyic For Data Message dan-

dling (cont'd)

5.3.1.4 2rocess: CONT3US TIne Process CONIBUS iodels tne control
bus logic wnicn is Initiated by a receipt of a message. If tne
Message is a control message to be processed by tne contrdol bus,
then tne Process NCEPROC is called given tne message. NCEPROC
models tne logic of tne network control. If the message is to
another device, tnen tne messaje is passed to tne bus interface
unit nandler, Process BIU, after setting tne current node of tae
message attrioute to tnat device bus incerface unit.
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3.3.1.5 Process: NCEPROC
two types of messages:

Tne network control element nandles

1. Bus reguest messages
2. 3us relzase messages

For ous request messages, buffer space at the destination buffer
interface unit is reserved, tne data bus is allocated and a
buffer yrant message is given to tne data bus. TIhe data odus and
puffers remain allocated until a pbus release i3 received at the
control bus from tne receiving bus interface unit. Tnis is
implemented by tae SUSPEND.

For bus release messayges, the previous instance of NCEPROC for
tie bus reyguast is resumed so tpnat the bus and buffer space is
rzleased. [ne message 1is then destroyed.
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Example 3 Network Control Logic
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. ixample 3 Network Control Logic (cont'd)
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o Figure 56. Example 3 Networxk Control Logic (cont'd)
- 5.3.1.6 Process: DATABUS The Process DALABUS represents tne
o transmission of data from one bus interface unit's output data
- buffers to anotner bus interface unit's input data buffers. Tne
;:i delay time for tnis transfer is compucted based on tae lengta of
i the data .nessage and tne speed of the pbus. Waen the data is
. transferred, the message is given to tne destination nost's bus
interface unit if tne destination is a nost, or to tiha natwork
. control elament.
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4

+ 5.3.1.7 Process: SENDACK [lhe Process SENDACK is initiated at a

Y bus interface unit to transmit an acknowledyement of a receipt of

e a Jdata message from a recaiving interface unit to tae transmit-

. ting nost. The acknowledye messaje is transmitted on tne data
bus.
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Figure 58. Example 3 Acknowledge Message Generation
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Figure 58. Example 3 Acknowledge Message Generation (cont'd)

5.3.1.8 Process: SENDREL fhe Process SENDREL is initiated at a

bus interface unit to transmit a ous release message to tna2 neig-
work control elewent so that tne data bus can be freed.
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) 5.3.1.3 Process: dOST T[lhe Process dOSI represents tihe process-—
{ ing upon receipt at a nost node of a data reguest wmessage. TIae
Host processor formats a data message and sends the data to tne
bus interface unit over tihe channel between the two devices.
o This pProcess is called from tne Process B8[U which waits after
= passing a data reguest messaygye for the data to return,
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i 5.3.1.10 Process: DRHOST All activity in tne bus model ini-
;é; tiates with a data reguest at a host. Tie Process whicn performs
‘$* the loyic for tuis operation is called DRHUST. The Process
=] DRHJIST creates a data reguest message and is initiated wita two
;j parameters, ORIGIN waich is tne source of tue data reguest, and
b - DESI wiicnh is the destination node, The data reguest message is
. transmitted across tne cnannel between tine nost and the bus
28] interface unit and given to tne Process B8IU to be handled. Tae
a buffar resource name of the originating node host is ambedded in
§' nessade so0 chat tne network control element can allocate tne
fed buffers to receive data when the reguested data message is
recaived.
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st . .
. 5.3.2 Load Drivers: Processes TOHOST1l througn [OHJOST6 Simple
K Processes are used in this model to initiate data reguests.
s These Processes are initiated by the Load, wnich assiygns a
:3 current node attribute to the Process., The Process taen ini-
1Y

tiates a data reguest from the current node to a specific anost oy
calliny tne Process DRAOST providing a source node and a destina-
tion node. All Load Processes, Todusll, rodosr2, TOHUST3,
T0d40Sr4, roHOSTS, and 0dISTS5, execute in nodes dl, d2, 43, Jd4,
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45, and d46. [nis provides a mechanism for iwmplamenting a Load on

et .t e . S L .
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tne systan descrided by a wmatrix of nost nodes. TIne 2rocess
dlagran for process [040ST1l is shown in an accompanying figure.
All otaer Processes are similar wita the exception that tne des-
o tination node parameter in the c¢all to DRUVUSY is different.
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Figure 62. Example 3 Load Process [odosrl

foruriy

5.4 Analysis of Results

5.4.1 pPerformance ¢Measure [ne model as build does not expli-

citly produce all tne performance medsures stated in seccion

5.1.2, out produces many statistics from wiich to cowmpuate taose

Measures., Eaca nost is representad by a Resource so it is possi-

ole to determine tne utilication and Jueueing for eaca nost under

- tne Resource Report. Response time is tracked by tie [tem M35,
30 tne TIME IN SYS[EM statistics in tnhe Item Report refer to
tnils. TIne data bus and control bus are represented on tae syscem
arcnicecture sSo tney too are found in the Resource Report alony
with tne siwulation generated statistics.

b e

PPN g

\4

2

& 5.4.2 validation Trae easiest method for validating tne bus

b wodal is by visual analysis of the Processes compared to tae step
s Dy step description of tne bus protocol yiven in Section 5.1.3.

s . . . PR
: fnis indicates tnat tne seguence of avents rapresented in tue
.‘:‘
3.
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FGE model wwatcnes the seguence of events indicated in tae description
= of tne protocol.
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